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LEITZ ORTHOMAT 
AUTOMATICALLY DETERMINES 
EXPOSURES FROM 1/100th SECOND 
TO 1/2 HOUR OR MORE... 
COMPUTES, SOLVES ANY 

35mm MICRO-PHOTO 

PROBLEM AT THE 

TOUCH OF A BUTTON! 


NEW LEITZ ORTHOMAT...a fully automatic micro-camera attachment that 
slips onto any modern Leitz microscope in seconds... frees the researcher or 
lab expert from hours of painstaking trial and error. It permits any type of 
photomicrography at the touch of a button. 

EXCLUSIVE CHOICE OF INTEGRATING OR DETAIL EXPOSURE MEASUREMENT... 
automatic exposures use integrating light measurements for histological, 
biological and metallurgical specimens and phase contrast photos; detail 
measurements are used for sections as small as 1/100th of the field. Faster, 
more accurate photos of hematological and genetic specimens, individual 
pollens or diatoms are now possible without time-consuming test exposures. 
This highly selective control also makes it easier than ever before to achieve 
absolute exposure accuracy in dark field and fluorescent illumination. 
AUTOMATIC EXPOSURE TIMES FROM 1/100th SECOND TO SEVERAL HOURS... 
a newly designed electromagnetic shutter which, unlike mechanical shutters, 
is completely free of vibration, makes possible precisely timed automatic 
exposures from 1/100th second to 4/2 hour or more. As an added convenience, 
lengthy time exposures may be interrupted and resumed as desired. 


E. LEITZ, INC., 
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INSTANT EXPOSURE DURING UNINTERRUPTED OBSERVATION... optical dividers 
in the ORTHOMAT allow sufficient light for exposures, yet divert enough light 
into the viewing tube for continuous viewing, even in dark field or fluorescence. 
This permits individual or repeated exposures at the critical moment without 
interrupting observation. Electronic flash can be synchronized for live speci- 
mens when extremely short exposure times are necessary. Interchangeable 
film chambers permit alternation between black-and-white and color exposures 
at any point on the roll. 

WRITE FOR COMPLETE DETAILS AND SPECIFICATIONS...of these and many 
other exclusive ORTHOMAT features, including: image-focusing through binoc- 
ular tube with automatic compensation for ‘the interpupillary distance 
identical perfect focus in eyepiece and film plane * optical image is projected 
directly onto film plane without use of reflecting surfaces + simple adjustment 
of automatic controls for ASA values of various films * automatic film transport 
* film counter on each 35mm film chamber + outlet that accepts timer for 
automatic release at set intervals (ideal for stop motion) » synchronization for 
micro-flash equipment + pedal release that leaves both hands free. 42261 


468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
the 
Ernst Leitz G.m.b.H.,Wetzlar, Germany-—Ernst Leitz Canada Ltd. 
LEICA AND LEICINA CAMERAS : LENSES - PROJECTORS : MICROSCOPES 
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N.B.Co. DELIVERS BIOCHEMICALS, NOT EXCUSES! 


We confess. We had to rent the Rolls. Because 
most of our customers don’t care about stylish 
delivery. (Though if they want it, they get it.) 
Speed is a more important specialty. 24-hour 
delivery in the U:S.A., slightly longer anywhere 
else. Care is another. Like you, we’re perfection- 
ists. The order that reaches your lab is your order 
...checked carefully, shipped accurately. N.B.Co.’s 
world-wide volume means you buy pure bio- 
chemicals at the lowest prices possible. N.B.Co.’s 
2600 varieties mean we usually have what 


you want. For plain or fancy delivery in a hurry, 
call MOntrose 2-0214, Cleveland, Ohio. And 


send for our FREE 2600-item catalogue today. 
NUTRITIONAL BIOCHEMICALS CORPORATION 


21010 Miles Avenue + Cleveland 28, Ohio 
Send for our free October, 1961 Catalog con- 
taining more than 2600 items. Fill out coupon 
and mail today for your copy. 
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SCIENCE is published — by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Second-class postage paid at Washington, D.C., and 


additional mailing office. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢. 
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Polystyrene spectrum using an auxiliary recorder. 


NOW...GRATING RESOLUTION OVER FUNDAMENTAL 
IR RANGE WITH NEW MODEL 237 SPECTROPHOTOMETER 


You now can have the advantages of high-resolution anal- 
ysis over the entire infrared spectral range of fundamental 
analytical importance —4000 to 625 wavenumbers (2.5 to 16 
microns)...even if your budget is limited. The new Perkin- 
Elmer Model 237 Double-Grating Spectrophotometer, latest 
in P-E’s low-cost Infracord line, makes this possible. 


Basic to this high performance at low cost is the Model 
237’s grating-filter design: the dispersing power of gratings, 
used only in their first orders, is complemented by filters to 
eliminate higher orders of radiation. The result is outstand- 
ing spectral purity achieved with simplicity and dependabil- 
ity of mechanical operation previously not available. 
Flexible Presentation. You can specify a Model 237 
recording in either linear wavelength or linear wavenumbers, 
as you prefer. Full wavelength coverage is divided into two 


SEE PERKIN-ELMER AT ACS AND ISA 


The terms Infracord and Perkin-Elmer are registered trademarks of the 
Perkin-Elmer Corporation. 


ranges— 4000-1300 and 2000-625 wavenumbers; or 2.5-7.7 
and 5.0-16 microns. The analyst selects the range he desires 
by the flick of a panel switch, thus assuring maximum legi- 
bility of fine structural detail. 

Two scanning rates for each range are available: fast 
(8 minutes) rate for survey scans or spectra of materials 
with relatively few narrow spectral bands. Slow (24 minutes) 
rate provides details of very complex spectra. Here, too, 
a panel switch puts both speeds at the analyst’s fingertips. 

Optional auxiliary recorders, used above to show polysty- 
rene spectrum, are available to give you continuous spectra 
at fixed wavelengths or to let you expand or compress ordi- 
nate or abscissa. The chart ordinate—a full 15 centimeters 
—provides maximum accuracy in recording band intensities. 


Write for compiete information and sample spectra. 


INSTRUMENT BOivistion 


Perkin-Elmer Cynon 


NORWALK, CONNECTICUT 
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Terror and Talks 


pecer Wuiemiin: 09. S. Badd eer eo es, ak wa eS ees Ue ai en 


The growth of living breakwaters has kept pace with subsidence and wave 
erosion for fifty million years. 


Public Education for Science and Technology: A. H. Dupree .................000- 


What is the role that the universities should play in dispelling popular 
myths about science? 


As Interpreter of Soviet Moves, Khrushchev Remains the Best Kremlinologist; 
Wilderness Bill Passed by Senate ; 


Man’s Circuitous Route to the Modern World: R. H. Dyson, Jr. taentd 
Mankind, endlessly restless, moves into and out of phases of civilization. 


B. Kummel’s History of the Earth, reviewed by L. Dryden; other reviews 


Generalized Neocortical Responses and Corticospinal Neuron Activity: 
D. P. Purpura, B. Cohen, G. Marini 


Behavior Studies by Capacitance Sensing: J. L. Kavanau and K. S. Norris 


Color Induction and Hue Discrimination: L. W. Bivens 


Phototropism in Conidiobolus, Some Preliminary Observations: 
R. M. Page and J. Brungard 


ee 


Antigen Disappearance in Hibernating Ground Squirrels: 
B. N. Jaroslow and D. E. Smith 


Development of Needle Blight Symptoms on Rooted et from Diseased White 
Pine Trees: S. N. Linzon bsigis 


Transmembrane Action Potentials from Smooth Muscle in Turtle Arteries and Veins: 
I. C. Roddie and S. Kirk 


Repression of Ornithine Transcarbamylase Protein Formation by Arginine: P. Rogers. . 
Plumage in Lal Munia (Amandava amandava): J. P. Thapliyal and P. D. Tewary .... 


Puromycin-Induced Changes in Uredospores of Puccinia sorghi Schw.: 
R. C. Staples, R. Syamananda, R. J. Block 


Diurnal Periodicity of Luminescence in Three Basidiomycetes: M. D. Berliner 
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Letters from W. Carter; J. R. Heirtzler and H. A. Schneider 


MORNCOMMED ESVGHUS” 20-5 PEs bi dae oon a 3k. 0.s ses Leite eee ea ernie Tae eee eee 


Silver drinking bowl of Phoenician design found in the tomb of a 7th-century B.c. 
Etruscan prince. In the outer frieze the prince is seen leaving the palace gates in a 
chariot, hunting deer, picnicking at midday, being attacked by hairy giants, and being 
rescued by Astarte, patroness of chariots. Afterward, he returns home. From Dawn of 
Civilization, reviewed on page 723. [McGraw-Hill, New York, 1961] 
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introducing exclusive 


NEW APPLICATOR to 
THIN LAYER CHROMATOGRAPHY 


THE ONLY CONTROLLED METHOD 
FOR APPLYING REPRODUCIBLE 
LAYERS SF VARIABLE THICKNESS |_“"" 


In addition to the previously offered standard applicator 
for TLC, already used by hundreds of laboratories in the 
U.S. and Canada, Desaga has now developed a variable 
thickness instrument — MODEL “S.”” By means of a 
micrometer screw setting any layer thickness to 2000 ,, 
may be applied — the only applicator available which per- 
mits the selection and reproduction of a specific layer 
thickness. This feature not only increases the versatility 
of the equipment but permits its use with ordinary (high 
quality) window glass. 

Only the new Desaga equipment (after Stahl) offers a 
complete line of apparatus and adsorbents for TLC. Be- 
sides the previously available Silica Gel G, Aluminum Oxide 
G and Kieselguhr G from Merck (Darmstadt, Germany) we 
are now introducing two. new Cellulose Powders from 
Macherey, Nagel & Co.—with and without binding agents. 




















The major advantages of TLC are: 
1 


~~ 


The speed of separation — 20 to 40 minutes. 


2) The wide quantitative range — from less than 
one microgram to 10 mg on a single glass plate. 


3 


— 


The possibility of using highly aggressive 
(corrosive) sprays. 

4} The simplicity of the technique and the limited 
financial investment necessary for its introduction. 


Equipment for TLC may be ordered as complete as- 
semblies or as individual components —all available for 
immediate delivery from stock. In experience, Desaga 
TLC puts you ten years ahead. For further information 
request our NEW TLC BULLETIN. 


BRINKMANN 


BRINKMANN INSTRUMENTS, INC., 115 CUTTER MILL ROAD, GREAT NECK, NY. 


PHILADELPHIA - CLEVELAND - HOUSTON - MIAMI - MENLO PARK, CAL. - ST. LOUIS 
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From reports on the Ann Arbor Scvence Library 


“, . . SCIENCE IN THE BEST POSSIBLE SENSE .. . . EVERYTHING IS PLAIN AND THAT IS WHAT MAKES 
IT SO BEAUTIFUL.” —EDWARD TELLER 


“RECAPTURES THE WONDER AND THE BEAUTY OF SCIENTIFIC DISCOVERY.” —ROBERT OPPENHEIMER 
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Written for the scientist who wants a specialist’s knowledge of a field outside his own. 
The first ten volumes are now available in inexpensive, paperbound editions. 


THE STARS 


By W. Kruse and W. Dieckvoss 

Natural History: ‘An excellent little book... 
Along with such stellar matters as direction, 
brightness and color, there are discussions of 
variable stars, novae, stellar temperatures and 
composition, giants and dwarfs.” 


AAS 501 $1.95 


the ants 


By Wilhelm Goetsch 
The New Yorker: “... says, with perfect clar- 
ity, pretty nearly everything there is to say 
about ants and their ways... full of fascinat- 
ing information.” 

176 pages 85 illus. 


208 pages 106 illus. 


AAS 502 $1.95 


THE SENSES 


By Wolfgang von Buddenbrock 


Science Magazine: “The presentation is sim- 
ple, informal, and lively .. .” 


168 pages 55 illus. 


Visible and Invisible 
By Eduard Ruechardat 


AAS 503 $1.95 


Science Progress: “. . . presented with... 
just the right amount of precision and scien- 


tific rigour.” 
208 pages 137 illus. 





THE UNIVERSITY OF MICHIGAN PRESS 


15 SEPTEMBER 1961 


AAS 504 $1.95 


4- Iq , Bi Ww is 

the Ibueds 
By Oskar and Katharina Heinroth 
American Scientist: “. . . ranging from how 
birds communicate with each other, to eating 
habits, growth, orientation during migration, 
and to the mental powers of birds . . . The 
book is . . . a trustworthy and accurate ac- 
count of the material it represents.” 


AAS 505 $1.95 


Ebb and Flow 
The Tides of Earth, Air, and Water 
By Albert Defant 


Natural History: ‘Will certainly answer any 
questions a non-hydrographer is ever apt to 
ask about the tides.” 


z24 pages 64 illus. 


176 pages gz illus. 


AAS 506 $1.95 


Animal Camouflage 


By Adolf Portmann 

Jerold Lanes, Associate Editor Natural History 
Magazine: “. . . could hardly be bettered.” 
AAS 507 $1.95 


PLANET 
EARTH 


By Karl Stumpff 
Astronautics: “Designed to provide us with a 
broader understanding of the planet on which 
we live... is deserving of a place in anyone’s 
library.” 

192 pages: 57 illus. 


zz2 pages roz illus. 


AAS 508 $1.95 


ANN ARBOR 
411 





VIRUS 


By Wolfhard Weidel 

Emilio Weiss, Naval Medical Research Insti- 
tute: “It is refreshing to find a little book, 
such as this one, which depicts the science 
as one which investigates and can decipher 
some of the innermost secrets of life. This 
book is well written, fluent, and witty.” 


AAS 509 $1.95 


THE SUN 


By Karl Kiepenheuer 
Science News Letter: “Concise account for 
the serious reader of what is known about the 
sun, ‘the only star whose shape and surface 
can be observed.’ ” 

160 pages 76 illus. 


160 pages 27 illus. 


AAS 510 $1.95 


Use this coupon to order 


To The University of Michigan Press Sci- 
ence Department, Ann Arbor, Michigan. 
Please send me........ sets of the ten titles 
in clothbound reference editions at the 
Special price of $42.50 per set. 

Please send me........ sets of the ten titles 
in quality paperback edition. $18.95. 
Please send me the Ann Arbor Science 
Paperbacks whose numbers I have circled. 





AAS 5O1 AAS5O4 AAS5OZ AAS 510 
AAS 502 AAS5O5 AAS 508 
AAS 503 AAS506 AAS 509 
Bill me... Payment of $........ enclosed. 
name 
address 





If I am not completely satisfied I may re- 
turn the books within ten days and receive 
a full refund. ss 
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GET YOUR ADVANCE COPY 


of the General Program of the 
AAAS Denver Meeting 


by first class mail — early in December 


The General Program of the 128th Meeting of the AAAS in Denver, 26-31 December 


1961, will be available to you, at cost, within the first week in December—whether you can attend 
the Meeting or not. 


Program Content 


1. The two-session AAAS General Sessions, ‘Moving Beta Beta Beta Biological Society, Biometric Society 
Frontiers of Science,” Part I—Speakers: Howard A. (WNAR), National Association of Biology Teachers, 
Meyerhoff and Arthur R. von Hippel; Harrison Brown, Scientific Research Society of America, Society for Gen- 
presiding. Part II—Speakers: Halton C. Arp and E. W. eral Systems Research, Society of Protozoologists, Society 
Fager; Harrison Brown, presiding. of Systematic Zoology, and the Society of the Sigma Xi. 
The 29th John Wesley Powell Memorial Lecture. 


. The multi-sessioned special programs of the American 
Speaker: Glenn T. Seaborg; Paul M. Gross, presiding. 


Association of Clinical Chemists, American Astronauti- | 
cal Society, American Meteorological Society, American 
Physiological Society, American Psychiatric Association, 
Association of American Geographers, Ecological So- 
ciety of America, National Science Teachers Associa- 
tion, National Speleological Society—and still others, a 
total of some 70 to 80 participating organizations. 


3. On “AAAS Day,” the four broad, interdisciplinary 
symposia—Physics of the Upper Atmosphere; Geochemi- 
cal Evolution—The First Five Billion Years; Existing 
Levels of Radioactivity in Man and His Environment; 
and Water and Climate—arranged by AAAS Sections 
jointly. 

. The sessions of the Academy Conference, the Confer- 
ence on Scientific Communication, and the Conference 
on Scientific Manpower. 


. The Special Sessions: AAAS Presidential Address and 
Reception; Joint Address of Sigma Xi and Phi Beta 
Kappa by Harrison Brown; the Tau Beta Pi Address; ; ; : j 
National Geographic Society Illustrated Lecture; and . The sessions of the AAAS Cooperative Committee on 
the second George Sarton Memorial Lecture. the Teaching of Science and Mathematics, of the AAAS 

Committee on Science in the Promotion of Human 
The programs of all 18 AAAS Sections (specialized Welfare. 
symposia and contributed papers). 
ar rie : pee “ . Titles of the latest foreign and domestic scientific films 
. The programs of the national meetings of the Ameri- ; Stiga ye ee i 
, ape a Se Gib tee to be shown in the AAAS Science Theatre. 
can Astronomical Society, American Society of Crimi- 
nology, American Nature Study Society, American 11. Exhibitors in the 1961 Annual Exposition of Science 
Society of Naturalists, American Society of Zoologists, and Industry and descriptions of their exhibits. 


Advance Registration 
Advance registration has these decided advantages: (1) You avoid delay at the Registration Center upon arrival; 
(2) You receive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish 
to attend; (3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program. 


la. — Enclosed is $3.50 for my advance Registration Fee which brings me the General Program, Convention Badge, and 
all privileges of the Meeting (50¢ is for first-class postage and handling) . 


lb. — Enclosed is $2.50 for only the General Program. (It is understood that, if I should attend the Meeting later, the 
Badge-necessary for the privileges of the Meeting—will be secured for $1.00 more.) 
(check la or Ib) 
FULL NAME (Dr., Miss, etc.) 
(Please print or typewrite) 


3. OFFICE OR HOME ADDRESS 


(For receipt of General Program) 


“; 10 We 
. FIELD OF INTEREST 


5. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 


3. CONVENTION ADDRESS 
Please mail this coupon and your check or money order for the total amount to the 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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FOR ATP MICROASSAY— DEHYDRATED FIREFLY TAILS—The most sensitive method* for 
assaying the minute levels of ATP found in bioiogical systems. Use Schwarz’ ATN, crystalline 
disodium adenosine 5’-triphosphate, to standardize your assay @e* SCHWARZ BIORESEARCH is 
id atom Olaiaat-1avananr-lalenr-(eiaela=) ane) phosphorylated adenosine compounds including isotopi@@lly labeled 
forms @> FIREFLY KIT TO,DEMONSTRATE BIOLUMINESCENCE — Provides enough dehydrated 


firefly tails and ATP for 10 dramatic—and convenient — demonstrations. 


S 

ud 

< 
a 





The light for the photo was provided solely by firefly tails 


*For your copy of the latest revised pr>:edure for assay of ATP and for further information on these and other nucleic acid derivatives write to Dept. jp; 


SCHWARZ BiORESEARCH, INC. Mount Vernon, New York « BIOCHEMICALS. RADIOCHEMICALS, PHARMACEUTICALS, for research, for medicine, for industry. 











DSF: Bb uct. Gdebeostelt: bebetehe belel-1-m gel) 
belaucleheteiatobo Mes mm aet-oumbucteb ler BO hy 
improved Ultra-violet Filters 
and all-dielectric Visible Spec- 
trum Interference Filters. 


The new ‘block shape’ J l passband in the 
Visible Spectrum Filters enables the user to 


obtain the greatest degree of spectral purity. 


If the filter you require is not available in 
stock, normal] delivery time is within thirty 
to thirty-five days. 


Standard filter sizes are 1" x 1” and 2” x 2"; 
other sizes and shapes are available on 
special order. Write for your copy of our new 
filter brochure. : 

. 


Engineers and scientists — investigate chal- 
lenging opportunities with Baird-Atomic. Write 
Industrial Relations Department. 
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ADVANCED OPTICS AND ELECTRONICS. 








Visible Spectrum 
= 4000A-8000A 


s New block shape 


pore t—t-lere Bete! 


s Absorption filters and or evaporated 
blocking components provide for 
boot: Db obeoktbecM@o}lole) ebelsmbuctehtlercie Moet lel eels lm 
Pb ele Mb beebebuchaciet-sloset- 8 Cavorpeledt-[-bu- hale) 

 luee Ou: bot -boobt-1-blobeWmele nadie tome) am el: t-1-lel- betel 
under 0.1% 

= Half bandwidths from 1.6A to 1600A 
s Total transmission from fully blocked 
filter: up to 70% : 

= Blocking — complete on low side 
high side blocking to at least 8000A 
(@-Nelebtatobet- SMe} tole) sbelom-h moh au: melel-1a) 


Ultraviolet Spectrum 


= 2100A to 3400A and 3900A to 3999A 


BAIR D-ATOMIC,/NC. 


JIS university road + cambridge 38, mass. 


SERVING SCIENCE 
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National Science Academy Bill 


There is one bill being considered by 
Congress that has not received as much 
attention in the scientific community as 
it deserves. It is HR-1, a bill to establish 
a national science academy, several re- 
search institutes, a scholarship and fel- 
lowship program, and a separate career 
service for government scientists. Enact- 
ment of the bill would considerably 
strengthen science in the United States. 

Establishment of the academy would 
make more and better qualified scien- 
tists available for government research 
positions. The curriculum would include 
both graduate and _ undergraduate 
courses, but it is to be hoped that em- 
phasis would be put on the graduate 
courses. The provision of research in- 
stitutes in which the faculty would par- 
ticipate is wise for many reasons. Not 
only would it keep the faculty fresh and 
abreast of current problems but it would 
provide federal research centers, outside 
the Department of Defense, in several 
needed areas. Institutes of oceanography 
and meteorology are specifically pro- 
vided for, and there would be others as 
determined by the director. A healthy 
mixture of teaching and research would 
help to attract a highly qualified faculty 
and would produce superior graduates 
for teaching or research. The bill pro- 
vides that federally supported students 
would be obligated to spend as many 
years in government scientific service as 
they spent at the academy, unless other 
provisions were made by the director of 
the academy. It has already been sug- 
gested that acceptance of a teaching po- 
sition in any U.S. school should be con- 
sidered an acceptable alternative. 

The proposed program of scholarships 
and fellowships at existing universities 
and colleges is an excellent one. These 
can be administered froni any or all of 
several existing organizations, but they 
could be handled without any suggestion 
of bias from a national science academy. 

The proposal to establish a distinct 
scientific career service within the Civil 
Service is sound and worthy of support, 
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Letters 


but separate from the proposal to estab- 
lish an academy. It is part of the over-all 
effort to improve the lot of the scientist 
in the federal government, however. 

Scientific freedom, so essential in a 
university, would certainly exist in a na- 
tional science academy. The present Na- 
tional Science Foundation testifies to 
that. The graduate science academy with 
research institutes could produce scien- 
tists as competent as those trained by 
older methods, if not more competent, 
and it would produce more of them. 

HR-1 is still being studied by subcom- 
mittee No. 3 of the House Committee 
on Science and Astronautics. Represen- 
tative Victor Anfuso of New York is the 
chairman. 

WILLIAM CARTER 

2904 Garth Road, 
Huntsville, Alabama 


Exporting Universities 


The very stimulating editorial en- 
titled “Diploma diplomacy” [Science 
133, 1557 (1961)] has very wisely em- 
phasized a point made by A. F. Burns 
regarding the establishment of univer- 
sities on foreign soil with American 
government funds. It should be pointed 
out that the American University of 
Beirut, the largest “American” univer- 
sity outside of the United States, is es- 
sentially an existing example of what 
Burns suggests. However, that univer- 
sity is privately endowed largely with 
American private capital. 

Although it is impossible to over- 
emphasize the amount of good will for 
the United States that this university 
and its graduates have spread in the 
Middle East, this institution is not 
looked upon with fond regard by all in 
the host country. The annual budget of 
A.U.B. ($2 to $3 million) is approxi- 
mately equal to the total annual budget 
for all public education in Lebanon. 
Several years ago Lebanon established 
its own national university within its 
Department of Public Education. Most 





people would resent foreign teachers of 
their elementary and secondary grades 
and many feel the same way about uni- 
versity-level instruction. While Ameri- 
can professors abroad do feel the pulse 
beat of the people to a greater extent 
than any other group of Americans 
abroad, they also catch the strong, in- 
dignant reactions of the host country 
to American foreign policy actions. If 
the A.U.B. may be taken as an ex- 
ample, it should be noted that its good 
name rests on its reputation of many 
years of unselfish service to the Arab 
nations. 

Professors’ salaries are about one- 
half to one-third their U.S. equivalents, 
and the universities have infinite pa- 
tience with obstacles that stand in the 
way of a proper education. It goes with- 
out saying that most secondary school 
graduates in underdeveloped countries 
do not have sufficient preparation to 
enter a university. It also goes without 
saying that we would be hard put to 
find U.S. professors to lecture in a for- 
eign tongue, and lecturing in English 
is considered one form of propaganda. 
I do not think you could find much 
Peace Corps fervor for this program 
in U.S. professorial circles. 

These remarks are not made against 
so-called “diploma diplomacy.” On the 
contrary, the idea has a sound basis. 
Having taught at A.U.B. for 3 years 
I would like to encourage the idea but 
dissuade anyone who feels that this is 
an overly easy way to help an under- 
developed country with American capi- 
tal. 

JAMES R. HEIRTZLER 
Lamont Geological Observatory, 
Columbia University, 
Palisades, New York 


As a former student at Robert Col- 
lege, Istanbul, Turkey, may I voice my 
support of the editorial “Diploma di- 
plomacy.” The establishment and sup- 
port of colleges on foreign soil, such as 
those of the Near East Colleges Asso- 
ciation in Greece, Turkey, and Syria, 
has been an excellent example of Amer- 
ica at its best. 

Whether private or government aid- 
ed, such institutions provide the educa- 
tional facilities and the contact with 
live Americans so sorely needed. It also 
avoids costly maintenance of students 
in a far-off place, and reduces the threat 
of draining underdeveloped countries 
of their scientific man power. 

HERBERT A. SCHNEIDER 
146 Circle Drive, 
Millington, New Jersey 
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We think the reason people all over the world 
buy TMC pulse analyzers is pretty much the 
same reason they’re widely purchased and used 
here: competently designed, bug-free circuits 

. . straightforward operation with the same 
performance and stability today as yesterday 
... easy access to sub-assemblies and uncom- 
plicated servicing if needed. Another way of 
putting it is the instruments give the user the 
information he wants in his work — with pre- 
dictable behavior—regardless of where his site, 
lab or plant may be located. Here are two 
current examples: 


The TMC CN-110 256 channel analyzer offers 
7 interchangeable plug-in logics, including 
pulse height, time of flight, puised neutron, 
multiscaler, mass spectrometer,and coincidence 
pair. This widely used and thoroughly proven 
analyzer (over 100 units have been delivered) 
employs all-transistorized circuitry. Analog, 
binary, octal and decimal readout may be used. 





Data can be recorded on strip chart or X-Y 
recorders, printed paper tape, punched paper 
tape, or punched cards. 


The Model 404 is a compact, 400-channel 
analyzer you can use anywhere there’s a wall 
outlet and one square foot to put it down. It 
has a magnetic core memory that can be used 
in sub groups of two or four; four separate in- 
puts and associated amplifiers; internal pulse 
routing circuity; pushbutton data transfer and 
display overlap; power requirement of only 25 
watts, and many “‘system”’ advantages. While 
its versatility is a little less than the CN-110’s, 
so are its size, price and purpose quite different 
from the 110’s. Each does its own job well. 


*Also wherever TMC Pulse Analyzers are used... 
in Canada, Brazil, Australia, Japan, Yugoslavia, 
France, Italy, Germany, Belgium, Sweden, Den- 
mark, Switzerland, Israel, Formosa... as well as 
the United States. 
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Terror and Talks 


Through the course of the ugly developments during the past few 
weeks, the Soviet Embassy in Washington, D.C., has continued to keep 
its front lawn properly watered. Had the lawn been allowed to lapse 
into the condition of the desert across the street fronting the National 
Geographic Society, there would be even greater cause for concern over 
Soviet policy. We can expect Soviet representatives to remain in Wash- 
ington for a while. We can expect talks about talks, and even talks. 

There is other evidence besides the Embassy lawn that one aim of the 
resumption by the Soviet Union of atmospheric testing of nuclear 
weapons is to promote, albeit in a special way, East-West negotiations. 
In fact, from the very beginning, Khrushchev has made no secret of this 
aim. In an interview with two members of the British Labor Party 
shortly after the announcement that there would be renewed testing, 
Khrushchev said that he hopes, by developing a superbomb with a 
force of 100,000,000 tons of TNT, to shock the Western powers into 
negotiations on general disarmament and Berlin. Consider also Khru- 
shchev’s 13-page reply to the West’s reiteration of its proposal for a treaty 
banning atmospheric testing. True, after referring to his government’s 
“aching heart” over resuming testing, Khrushchev rejects the proposal, 
but a man does not bother to reject at such length unless he wishes to 
give his opponent something more to talk about. 

Negotiations based on shock, to be sure, would be on terms more con- 
genial to the Soviet Union than negotiations conducted without shock, 
such as might otherwise have taken place. As for neutral nations, because 
of the Soviet move they might now see more clearly than ever before that 
the Soviet Union is the country threatening world peace. But the gamble, 
already paying off, is that renewed testing will cause neutral nations 
to bring pressure on the West to meet Soviet demands, just because 
world peace is so seriously threatened. 

The absence of a great outcry by neutral nations against the Soviet 
Union has been a source of surprise and chagrin in this country. We con- 
tinue to learn that judgments rendered by neutral nations upon us and 
upon the Soviet Union are characterized by a certain lack of symmetry. 
Nevertheless, our decision to keep postponing the resumption of under- 
ground testing, even in the face of the Soviet’s blatant reneging on gains 
that had been achieved at the Geneva talks, still appears to have been 
exactly right. We are now in an incomparably better position regarding 
world opinion, even given this lack of symmetry, and regarding our 
opinion of ourselves, than we would be in if we had announced new 
underground explosions and the Soviets had immediately responded, 
as we now see they were prepared to do, with their present testing 
program. 

If one aim of the Soviet resumption of atmospheric testing is to ter- 
rorize the rest of the world, then one aim of Kennedy’s announcement, 
after the third Soviet bomb went off, that we would resume testing 
underground, is to show firmness in the face of this attempt. Here, as 
in all dealings with Russia, American strategy for minimizing the like- 
lihood of war is to avoid the extremes that characterize Soviet ma- 
neuvers. We cannot afford to appear threatening, for that might invite the 
Soviet Union to strike us out of fear that we are planning a first strike 
ourselves. At the same time, we cannot afford to appear conciliatory, for 
that would invite miscalculation of the extent of aggression we can per- 
mit.—J.T. 








Scintillation Detector... 


A compact, wholly self-contained liquid scin- 
tillation detector that can be used as a 
whole body counter for small animals, as a 
radioactivity counter for bulk samples of 
foods, soils and other materials, and as an 
arm-only counter on humans. 


This versatile and economical new instru- 
ment enables the research worker to count 
even natural levels of radioactivity con- 
veniently. Because of the great sensitivity 
and excellent counting geometry of the 
ARMAC Detector, high counting rates 
can be obtained with the administration 
of very small amounts of radio-nuclides 

. only 1/100 to 1/1000 of maximum 
permissible levels. 


A complete system consists of the ARMAC 
Detector and a Model 410A Auto-Gamma 
Spectrometer, both mounted on a mobile 
housing. Provision is made for addition of 
automatic data read-out or ratemeter pres- 
entation. Complete information can be 
obtained from your Packard Sales Engi- 
neer or by writing direct to the company. 
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CURRENT PROBLEMS IN RESEARCH 





Reef Building 


The growth of living breakwaters has kept pace with 
subsidence and wave erosion for fifty million years. 


Whether one first sees a reef from the 
sea or from the air, one cannot but be 
impressed, not so much by the beauty 
of the curious structure as by its ability 
to withstand the force of the waves that 
ceaselessly break upon its seaward edge. 
It has been estimated that normal waves 
dissipate 500,000 horsepower—one- 
fourth the power generated at Boulder 
Dam—against the windward side of an 
open sea atoll (7). How can lowly plants 
and animals build a structure to with- 
stand such forces? Actually, the forces 
of storm waves are many times as great, 
and though the reefs are damaged by 
storms, they do survive. Furthermore, 
as has been demonstrated, some of them 
have survived for as long as 50 million 
years. These structures are truly worthy 
of an engineer’s respect. 

Since the earliest days of navigation, 
mariners have known reefs at first hand 
and have feared their power to break 
up ships. The venturesome Lieutenant 
(later Captain) James Cook was wrecked 
on the Great Barrier Reef in 1770 and 
had to careen the Endeavour for exten- 
sive repairs before continuing his first 
globe-encircling voyage (2). Captain 
Henry Wilson, whose ship the Antelope 
was wrecked on a reef in Palau in 1783, 
was less fortunate. He and his crew had 
to build a new ship before proceeding 
homeward (3). Another famous ex- 
plorer, La Pérouse, like his contem- 
porary Captain Cook, was making a 





The author is affiliated with the U.S. Geo- 
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scientific expedition around the world 
when both of his frigates, the Astrolabe 
and the Boussole, were lost, in 1788, on 
the dangerous outer reefs of Vanikoro 
in the Santa Cruz Islands (4). 

The Christian missionaries, who 
closely followed these early Pacific ex- 
plorers, also had their difficulties in 
navigating under sail. The missionary 
ship Duff, in the midst of a lengthy 
voyage among the islands of the south- 
west Pacific, struck a reef in the little- 
known waters of eastern Fiji. She struck 
at night but managed to back off, leav- 
ing nothing to the reef but her name 
(5). The mission schooner Harrier was 
not so fortunate on the Great Barrier 
Reef (Fig. 1). 

In 1890 there was a disastrous wreck 
on a reef in Torres Strait, near Thurs- 
day Island. The British India liner 
Quetta, of 3484 tons, bound from 
Brisbane to London with 293 persons 
aboard, was passing through Adolphus 
Channel, a reef area believed to have 
been adequately charted. Steaming 
through calm waters on a bright moon- 
light night she struck a flourishing coral 
pinnacle rising from 13 fathoms and 
sank within three minutes, with a loss 
of 133 lives. Sixteen years later divers 
blasted a porthole from the sunken 
ship’s side, which had been thickly over- 
grown with coral. The charts available 
to the Quetta in 1890 were based on 
surveys made between 1802 and 1860, 
and it is possible, although not prob- 
able, that the pinnacle that ripped open 
two-thirds of the ship’s bottom had 
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grown sufficiently in the years that fol- 
lowed the surveys to become a menace 
to navigation after the charts were made 
(6). Atlantic reefs also have taken their 
toll (Fig. 2). 

Storms, inadequate charting, poor 
night visibility, and faulty navigation 
have all played parts in driving ships 
onto reefs, but one large modern tanker 
lies rusting on a Pacific atoll for a dif- 
ferent reason. During World War II she 
entered the deep narrow pass leading 
to a lagoon where much of the U.S. 
Fleet was stationed. The tanker was 
loaded with fuel for the fleet but had 
not been given proper identification 
signals, and those in charge of security 
were loath to clear her. She was ordered 
to turn back, even though this was ob- 
viously impossible in the narrow reef 
pass. To this day the reef organisms 
near the site of the wreck have not fully 
recovered from the oil bath that fol- 
lowed. 

Reefs, however, are constructive as 
well as destructive. Some of the finest 
tropical harbors are protected by na- 
tural breakwaters in the form of reefs 
(Fig. 3). In Ceylon attempts are now 
being made to stimulate and control 
coral growth in binding artificial break- 
waters (7). 

Reef lagoons and atoll islands were 
used as stepping-stones and way. sta- 
tions by early Polynesian voyagers, who 
eventually sailed their outrigger canoes 
all the way from Indonesia to the high 
volcanic islands of Hawaii. Trading 
vessels of all sorts found safe anchorage 
in lagoons in the years that followed. 
During the Pacific campaign of World 
War II, protective reefs, played a most 
important role in island defense. 


Appearance of a Reef 


What does a reef look like? At high 
tide nothing may be visible but a line 
of white breakers, possibly with a band 
of green water behind it. At low tide, in 
areas where tides have a range of sev- 
eral feet, the broad reef flat may. be 
awash or actually out of water, revealed 
as a brown band. Part of the surface 
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may be a smooth sand flat on which one 
could ride a bicycle, and I have seen 
planed rock pavements so smooth that 
one could—though I have never tried! 
—go about on roller skates. More often, 
tide pools, microatolls, and areas of 
short-branched or knobby coral heads 
make up parts of the surface. Water- 
filled pools help give a deceptive ap- 
pearance of levelness. 


The Builders 


All wave-breaking reefs in the tropi- 
cal seas are commonly called coral 
reefs, though both biologists and geolo- 
gists have known for more than 50 years 
that on many reefs the calcareous algae 
are the essential, and in some places 
the most abundant, contributors. The 
corals exhibit greater variation in form 
and color than do the lime-secreting 
algae, and this diversity is doubtless 
responsible for the ease with which they 
won first place in the eyes of early ob- 
servers (Fig. 4). The tips of many 
graceful staghorn corals are brilliant 
blue or violet; other palmate corals are 
bright pink or claret, yellow, green, or 
brown; most massive hemispherical 
colonies are more drab, but in some 


each corallite of the honeycomb surface 
contains a central “eye” of fluorescent 
green. When the colonies are inter- 
mingled in a pool or are cemented at 
various angles on the wall of a reef 
channel the effect is striking, to say the 
least. 

Algae, on the other hand, are mostly 
shades of brown, yellow, or purple, and 
a single type of uniform shape and 
color will dominate a given area of a 
reef. Along the seaward edge the but- 
tresses between channels may be covered 
almost entirely by pink or purplish 
globular colonies, and the result, though 
colorful, is unvaried; the encrusting 
type of algae may form a flattish pave- 
ment uniformly brown or yellowish- 
brown in color. 

These two groups—the corals and the 
algae—are the important reef builders. 
The corals add bulk, the algae function 
as cementing agents. Among numerous 
minor contributors are the Foramini- 
fera, both encrusting and _ benthonic 
types. The latter, though small individ- 
ually, live in such abundance on reef 
flats that their shells, carried shore- 
ward by the waves, form the bulk of 
the sands of the beaches that fringe reef- 
encircled islands. 


Occurring widely, but in _ lesser 





abundance, are many other invertebrates 
—echinoids (sea urchins), ‘mollusks, 
and tube-secreting worms. These minor 
groups may also function as agents of 
reef destruction. Locally, certain types 
of boring echinoids occur in tremendous 
numbers and may literally riddle a rock 
pavement solidly built by corals and 
algae. Several types of worms and clams 
bore into coral heads, both living and 
dead. When broken open, many corals 
are seen to be pierced by holes and to 
resemble a Swiss cheese. Other destruc- 
tive borers include algae, sponges, and 
barnacles. 


Wave-Resisting Features 
The amounts of calcium carbonate 


taken from sea water to build a reef are 
impressive. At Eniwetok Atoll, for ex- 


ample, the limestone mass (reef com- ' 


plex) that caps the volcanic foundation 
contains more than 250 cubic miles of 
limestone; practically all the limestone 
was secreted by shallow-water. organ- 
isms. The most noteworthy feature, 
however, is not the volume but the fact 
that parts of the mass of skeletal ma- 
terial are so constructed or so cemented 
that the reef can grow upward to low- 





Fig. 1. Wreck of the New Guinea mission schooner Harrier on the Great Barrier Reef of Australia. [Courtesy W. H. Allen and Co., 


Ltd.] 
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tide level and maintain itself against 
wave attack. How is this accomplished? 

Three distinct elements or processes 
are involved: (i) the growth forms of 
the builders, which enable them to con- 
struct an efficient baffle that, in addi- 
tion to bringing a constant supply of 
refreshing sea water to all parts of the 
organisms, robs the incoming waves of 
much of their force by spreading the 
water in all directions; (ii) cementation 
by the organisms to the foundation on 
which they grow and to each other; (iii) 
lithification of sediments, probably an 
inorganic process, which takes place 
beneath reef flats and at intertidal levels 
on shore. The first two processes are 
well understood, the third is not. 

Growth forms. The algae and corals 
that flourish along the margin of a reef 
exhibit two dominant growth forms. 
Some grow as thin veneers that do not 
break the force of the waves but do 
function efficiently as cementing agents. 
Others build spongelike structures that 
are sO porous or intricately branched 
that the force of the oncoming wave is 
diverted and spread widely in many 
directions. The surface densely covered 
by such colonies acts like blotting paper. 

The baffle effect, efficiently performed 
by the individual colonies along the 
margin, is repeated on a larger scale by 
major reef structures developed in the 
same area. The grooves and buttresses 
of the “toothed edge” (Fig. 5) concen- 
trate the power of the oncoming waves 
into trenches, some of which lead 
through the marginal zone as surge 
channels below the reef surface (8). 
The lower part of each wave attempts 
to enter caverns below the reef surface. 
The resistance encountered in these al- 
ready filled chambers absorbs some of 
the waves’ power: another part is 
absorbed by spouting, geyserlike blow 
holes and by thousands of tiny holes in 
the pavement behind the marginal ridge. 
With each incoming wave water oozes 
upward through this sievelike pavement. 
The caverns beneath the reef margin 
have not been studied in detail, but 
enough is known to justify comparison 
with the well-known “room-and-pillar” 
caverns of. mining operations. 

Organic cementation. Encrusting cal- 
careous algae (Porolithon and other 
lithothamnia) function effectively as en- 
veloping lamellar growths that bind 
loose fragments to the growing reef 
edge, and they may even smother colo- 
nies of living coral. These organisms 
flourish in a constant supply of moving 
water, and they form a fairly solid pave- 
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Fig. 2. Wreck on Andros Island reef, in the Bahamas. [Fritz Goro, Life] 


ment on the back slope of the marginal 
ridge, where weakened surges pass land- 
ward and where other water wells up- 
ward through the porous reef structure. 
Many of the corals along the reef edge 
also adopt the veneering habit, forming 
a living calcareous blanket that, when 
opportunity permits, may extend itself 
over areas of living algae. I have meas- 
ured single colonies of veneering coral 
that extend for 30 feet along the reef 
margin. 

Lithification. From the standpoint of 
reef stability and the development of 
wave-resisting qualities the reef margin 
is the crucial area. In this area organic 
binding seems to be the important proc- 
ess, but in other parts of the reef—on 
the wide flats behind the margin and 
even on the beaches—other processes of 
cementation occur. These bind the sedi- 
ments of the flat and the sands of the 
beaches into fairly hard rock. The proc- 
esses are probably chemical, in large 
part. 


Current Problems 


Much of the present-day interest in 
reefs began shortly after Pearl Harbor, 
when we lost Guam, Wake, and the 
Philippines. We planned to recapture 
these reef-encircled islands and to oc- 
cupy many others captured or long held 
by the Japanese. This planning, and our 
early attacks such as that at Tarawa, 
revealed how little we knew about reefs 
and the waters surging over them. Spe- 
cial reports summarizing all available 


information, hastily prepared for the 
Armed Services, were of some assist- 
ance, but it was not until after the war 
that intensive field investigations of reefs 
and reef islands were undertaken as part 
of military terrain studies. These studies, 
supported by the Army and carried out 
by U.S. Geological Survey personnel, 
coupled with the intensive reef studies 
made at Bikini and nearby atolls in the 
Marshall Islands, supported by the 
Armed Forces and the U.S. Atomic En- 
ergy Commission, have given us the sort 
of reef information that we lacked dur- 
ing the Pacific campaign of World War 
Il. 

Somewhat’ earlier—in the late 
twenties and ‘thirties—oil was dis- 
covered in large quantities in certain 
ancient reefs. These discoveries con- 
tinued after the war (9) and greatly 
stimulated reef work in general. A third 
factor that dates from the war years is 
the increase in activity in the fields of 
Oceanography and marine geology. 


Seaward Margin of the Reef 


The most vital part of a reef is the 
marginal zone along the windward side. 
This is the zone where living organisms 
are concentrated, and it is the site of the 
most persistent wave attack. The re- 
mainder of the reef is largely dependent 
upon this zone, which is the place where 
building must take place if the reef is 
to flourish and expand. An understand- 
ing of growth processes in the wind- 
ward marginal zone is an essential part 
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Fig. 3. The reef-protected harbor of Suva, Fiji. The entrance is through Levu passage, which breaks the barrier on the left. [Rob 


Wright, Fiji official photograph] 


of the story of reef building. Ironically, 
this is the zone least accessible to di- 
rect observation. Problems and ques- 
tions still remain to be solved and an- 
swered. 

The zone of marginal growth, as 
here defined, consists of three distinct 
parts. The first is a ridge of living algae 
that rises above the reef flat and may 
be widely exposed at times of low tide. 
It is cut at fairly regular intervals by 
surge channels (Fig. 5). The next is a 
zone below low tide on the seaward 
slope, which consists of deep grooves 
separated by wide buttresses. This is 
the “toothed edge” so clearly visible 
from the air (Fig. 6). The lower part, 
at least, is a zone of rich coral growth, 
possibly the richest of all, that extends 
downward to the ends of the longest 
grooves at about 50 feet below sea level. 
This zone is so inaccessible that it has 
been dubbed the “mare incognitum.” A 
third zone, in the moderately illuminated 
waters below normal wave base, at 
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depths of 50 to 150 feet, is a zone where 
corals of a somewhat different type 
grow in abundance, but it has been only 
superficially explored by dredging (J0). 

The submarine “toothed edges” of 
most windward reefs have been de- 
scribed from many areas. The patterns, 
so sharply marked on air photographs, 
have been observed somewhat more 
closely by swimmers. As yet, however, 
because of hazardous sea conditions, no 


one has succeeded in making a detailed. 


examination at close range. Most work- 
ers, I among them, have regarded the 
groove-and-buttress system as primarily 
constructional, the buttresses being due 
to organic growth. Others believe that 
the grooves have been excavated by 
erosion and that growth is a relatively 
unimportant factor (J/). The work 
being done by Thomas Goreau on the 
reefs of Jamaica supports the belief 
that the buttresses are constructional 
and is impressively documented (Fig. 7) 
(12). Newell et al. (13) described and 


illustrated closely spaced furrows or 
grooves from the Bahamas. As these are 
cut in odlitic country rock they certainly 
were not formed by growth. They may 
be due to erosion, as Newell and his as- 
sociates suggest, but conceivably they 
could have been formed by solution 
when the sea stood lower. In any event, 
they do not closely resemble the typical 
grooves found off existing reefs in the 
Pacific. Cloud noted what appeared to 
be similar grooves in the face of a 
basalt-floored bench in Hawaii (/4) but 
stated that he had not studied them. If 
the typical grooves are primarily ero- 
sional it is remarkable that they are 
well-nigh universal off windward reefs 
yet rare in other types of rock. It seems 
to me quite possible that improved 
diving techniques will eventually settle 
this most interesting problem. 

SCUBA diving by reef students may 
also permit a closer examination of the 
growth zone immediately below the 
“mare incognitum,” 
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Rate of Growth and Other Problems 


Direct examination of exposed sec- 
tions of elevated reefs and examination 
of samples obtained by drilling have 
shown that corals and other builders 
have persisted for long periods of time, 
long even when reckoned geologically. 
The calcareous skeletons left by one 
generation are superimposed on the 
skeletons of earlier generations, even- 
tually accumulating thick deposits of 
limestone. The rate at which this rock- 
building takes place is of prime in- 
terest, and numerous attempts to meas- 
ure it have been, and are being, made. 
The bulky skeletons of sessile corals 
lend themselves to measurement, 
though, as Vaughan pointed out, they 
are not ideal subjects (/5). Vaughan 
made thousands of measurements of 
growth on 25 species, both naturally 
growing and artifically cemented to ter- 
ra cotta or concrete disks fixed to iron 
stakes driven into the sea _ bottom. 
Mayor (/6) measured the growth of 
corals in Samoa; Edmondson (/7) did 
so in Hawaii. The late T. A. Stephenson 
and his wife Anne carried out well- 
organized and exceedingly valuable 
growth studies of several sorts on the 
Great Barrier Reef (/8). One of the 
corals measured by the Stephensons is 
shown in Fig. 8. A number of fine 
studies of coral growth have also been 
made by the Japanese (19). 

In 1960 J. Edward Hoffmeister began 
a long-term study of the Florida reef 
tract. His project includes growth ex- 
periments on reef corals similar to those 
mentioned above. Hoffmeister planted 
his first corals on the edge of the reef 
near Key Largo, an area lying between 
Dry Tortugas and the Bahamas where 
Vaughan made earlier studies. In addi- 
tion to measuring growth rates on corals 
in their chosen environment Hoffmeister 
is transferring colonies from one en- 
vironment to another to determine the 
effects of such changes. 

The growth rate of individual colo- 
nies of coral is, of course, only an in- 
direct measure of the growth rate of 
the reef surface. Estimates of the per- 
centage of the reef surface covered by 
various species have to be made, and 
several types of losses have to be esti- 
mated and deducted. An over-all figure 
for reef growth, based.on coral meas- 
urement, is probably less than 14 mil- 
limeters per year. This figure is compar- 
able to estimates based on the meas- 
urements of organic productivity by 
Sargent and Austin (20) and by H. T. 
Odum and E. P. Odum (2/). 
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The plant and animal communities 
that live on reef surfaces have long ex- 
cited the interest of marine biologists, 
as attested by a voluminous literature. 
Several thousand organisms that live 
on reefs have been named and de- 
scribed, and much attention has been 
given to the life habits of the builders 
and of the organisms whose activities 
destroy reef rock. These studies have 
been carried on, and are being carried 
on, at biological laboratories estab- 
lished in reef areas and by special ex- 
peditions sent out to study reef prob- 
lems. Examples are the comprehensive 
work done by (i) the British on the 
Great Barrier Reef of Australia, par- 
ticularly the work of the expedition of 
1928-29 under the leadership of C. M. 
Yonge (22); (ii) the laboratory main- 
tained by the Japanese in Palau for 10 
years; (iii) the laboratories of the Uni- 
versity of Hawaii; and (iv) the Carnegie 
Laboratory that operated for many 
years at Dry Tortugas and in nearby 
areas (activities in these areas have now 
been taken over by the University of 
Miami in Florida and the Lerner Labo- 
ratory at Bimini in the Bahamas). In- 
stitutions such as the Bishop Museum 
of Honolulu have supported many ex- 
peditions studying reefs in various parts 
of the Pacific, and the Pacific Science 
Board has sponsored many special atoll 
studies. 

Studies of organic productivity, men- 
tioned in connection with reef growth, 
have led to interesting conclusions 
about reef builders. Sargent and Austin 
(20) found the rate of productivity to 


be higher on areas of the reef than in 
the surrounding waters of the open sea, 
and concluded that reefs are self-main- 
taining structures. The Odums dis- 
covered that the average coral colony 
contained three times as much plant as 
animal tissue, most of the plant ma- 
terial being filamentous green algae in 
the coral skeleton. They concluded that 
the reef they studied represented a true 
ecological climax or open steady-state 
system (2/). Hedgpeth expressed skepti- 
cism, suggesting that the experiments 
be repeated several times at different 
seasons to test some of the assumptions 
on which measurements were made (23). 

Among many other biological prob- 
lems directly connected with reef build- 
ers are those involving the production 
of skeletal calcium carbonate by the 
corals with the aid of symbiotic algae 
(zooxanthellae) (24). 


Reef Blocks 


On the surface of many reef flats, 
blocks of reef rock occur near the sea- 
ward margin. They range in size from 
coral boulders a foot or more across to 
massive blocks 20 or 30 feet long. The 
largest block noted during the Marshall 
Islands investigations was estimated at 
200 tons. The block shown in Fig. 9 
was estimated at 150 tons. Some earlier 
workers interpreted large reef blocks 
as outliers or remnants of former reefs 
or islands. Indeed, it is difficult to de- 
termine the origin of some large blocks 
because the actual contact with the reef 








Fig. 4. Rich growth of corals exposed at low tide on Crescent Reef, Great Barrier, 
Australia. [W. Saville Kent, courtesy W. H. Allen and Co., Ltd.] 
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surface may be obscured by solution 
pits or overgrown by encrusting organ- 
isms. Some of the largest blocks may be 
remnants of an older reef, but there 
is now general agreement that most reef 
blocks are plucked from the reef edge 
or from the reef flat by storm waves. 
The mechanics involved in moving 
the largest blocks are hard to under- 
stand, but the winds and waves that ac- 
company hurricanes, typhoons, and 
tsunamis could move enormous masses 
if they were to strike an overhanging 
reef edge partially exposed at low tide 
(25). On 14 September 1953 there was 
a severe earthquake in Fiji. According 
to reports, the barrier reef on the east- 
ern side of Suva harbor was raised 
about one foot, and large blocks of rock 





were thrown upon the reef by the tidal 
wave that followed the quake (26). In 
some areas reef blocks seem to follow 
a definite pattern, but the reasons for 
this are not clearly understood (27), 
and additional surveys would be wel- 
come. 


Landslides 


In considering problems connected 
with the surfaces of reefs, the slopes 
below the sea, which control the outline 
of the reef at the surface, raise some 
interesting questions. Atolls tend to be 
circular, but many of the larger ones 
depart widely from this plan. They may 
show broad bights that are concave 





relative to the sea. Such indentations 
in the reef margin are well developed 
at Bikini Atoll, and submarine surveys 
there show that they continue to great 
depths. Fairbridge has suggested (28) 
that these are landslide scars, but those 
who charted the atoll (27) believe it 
more likely that the spurs and interven- 
ing bights reflect the original irregular 
shape of the flat-topped seamount on 
which the atoll was built. Drilling has 
shown that much of the reef complex 
of Bikini is unconsolidated, but there is 
believed to be a marginal wall of con- 
solidated rock that would prevent large- 
scale slides. This question may even- 
tually be resolved by additional drill- 
ing to more firmly establish the existence 
of the postulated marginal wall. 


Fig. 5. Measuring depth in the surge channel through the algal ridge of the Bikini reef. [Fritz Goro, Life] 
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Passes 


Most atoll and barrier reefs are 
broken by passes, some deep, others 
shallow. These have not received as 
much study as the more accessible reefs 
that border them, but enough: has been 
done on passes through atolls to indi- 
cate that they probably record impor- 
tant steps in the Pleistocene history of 
reef building. 

Each of the several large atolls 
studied in the northern Marshall Islands 
is cut by a single deep pass that is ap- 
proximately as deep as the deeper parts 
of the lagoon behind it. Shallower 
passes through the reef are only as deep 
as the terrace that is well developed in 
the lagoon and on the seaward side of 
the reef. The deeper parts of the lagoon 
floor and the deep passes are thought 
to have been developed during the 
Pleistocene when, periodically, sea level 
stood several hundred feet lower than 
it does now. During the warmer inter- 
glacial stages of the Pleistocene, reefs 
developed on the prepared surface, 
growing upward more rapidly around 
the margins than elsewhere. This reef is 
thought to have flourished over the wide 
area now covered by the shallow ter- 
races inside and outside the lagoon. The 
present reef is thought to have grown 
up during the postglacial rise of sea 
level, the shallow passes representing 
areas where for various reasons, pos- 
sibly largely ecologic, the new reef did 
not flourish. This explanation, involving 
ideas suggested by Daly (29) and 
Kuenen (30), was given strong support 
by the detailed surveys of lagoons and 
passes made in the Marshall Islands 
(27). Its soundness should be tested by 
similar detailed surveys in other areas. 

The lagoons of barrier reefs and the 
passes that connect them with the open 
sea are much less well known than 
comparable structures of atolls. The 
depths of some passes through barrier 
reefs exceed 100 fathoms. This is a 
promising field for future studies. 


Beach Rock 


Hard layers of calcareous sandstone 
and conglomerate occur on parts of 
many beaches behind fringing and off- 
shore reefs. The layers, in most places, 
dip toward the sea or lagoon at angles 
of 8 to 10 degrees. The rock is especial- 
ly well indurated on exposed surfaces, 
becoming more crumbly below. Beach 
rock is characteristically an intertidal 
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Fig. 6. Buttresses and grooves of the toothed edge of a windward reef, Bikini Atoll. The 
buttresses rise from a submarine terrace about 20 feet below the surface. [R. Dana Rus- 
sell, air photograph from about 500 feet] 


deposit and, at best, the layers are but 
a few feet thick. Drilling on atoll is- 
lands shows that the layers are almost 
invariably present at intertidal levels 
(31). The beach-rock layers are wave- 
resistant and on many reef islands form 
the nearest approach to a _ persistent 
layer of hard rock. 

The process of cementation, in many 
areas, seems definitely to be occurring 
at the present time. In the Marshall Is- 
lands, for example, a piece of a Japanese 
glass fishing float was discovered by 
J. I. Tracey firmly cemented in beach 
rock (27). Many explanations for the 
formation of beach rock have been sug- 
gested. They involve evaporation of 
interstitial water and cementation: by 
certain types of algae, by bacteria, and 
so on, but none is satisfactory as a 
general explanation. Emery and Cox 
(32) thought that detailed mapping of 
the occurrences might show significant 
relationships to the abundance and com- 
position of ground water or to other 
factors of shore environment. They 
mapped widely scattered occurrences 
in Hawaii but were unable to give a 


satisfactory explanation. Richard Rus- 
sell and his associates have recently 
completed an extended investigation of 
occurrences in the Caribbean area, with 
results as inconclusive as those of 
Emery and Cox in Hawaii (33). 


Intertidal Erosion 


The layers of beach rock that occur 
on many of the beaches behind reefs 
are subject to chemical erosion. Contigu- 
ous pits and basins are developed on 
exposed bedding surfaces, being espe- 
cially numerous in the seaward half of 
the beach-rock belt. They are highly 
irregular, being often separated from 
each other only by knife-edge ridges. 
These depressions obviously are formed 
by solution, as are the deep nips that 
are invariably present on all limestone 
shores in the tropics at about high-tide 
level. This type of solution is limited 
to intertidal levels where marked diurnal 
changes take place, yet the process is 
difficult to understand because normal 
surface sea water is known to be super- 
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saturated with calcium carbonate. Re- 
velle and Emery have suggested a hy- 
pothesis involving slow complexing or 
slow hydration and dehydration (34). 
All reef investigators agree that some 
solution takes place at intertidal levels 
in reef areas, but since the process is 
not well understood, there is consider- 
able disagreement as to its effectiveness. 
Revelle and Emery stated that the very 
existence of the broad and dead reef flat 
just below low-tide level indicated the 
efficacy of such solution, and they 
pointed out that it is as effective in 


Fig. 7. Diver inspecting the under side of a flow-sheet of the coral Monastrea annularis, 
growing on the forward edge of the buttress on a reef near Boscobel, Jamaica. Depth, 


sheltered lagoons as on exposed shores. 

Much evidence indicating widespread 
reef planation—by solution, or waves, 
or a combination of the. two—has been 
reported from the Pacific islands. For 
example; on the reef flats of Okinawa, 
MacNeil (35) found blocks of an older 
limestone (late Tertiary or early Pleis- 
tocene), weighing many tons, perched 
on pedestals of reef limestone 5 to 6 
feet high at appreciable distances from 
the shore. The limestone blocks, broken 
from shore cliffs, appeared to have 
crept, slid, or rolled over underlying 





about 30 feet; the buttress terminates at 60 feet. [Thomas Goreau] 
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clays until they came to rest on a reef 
flat that stood 5 to 6 feet higher than it 
does now. Since that time they have 
been isolated by erosion that has planed 
5 to 6 feet from the rest of the reef 
flat. 

Recently, Norman Newell has ques- 
tioned interpretations such as_ those 
given above. His investigations in the 
western Atlantic led him to believe that 
sea level is now at its highest position 
since the close of the Pleistocene and 
that intertidal erosion at this level has 
been negligible. He suggested that the 
elevated terraces in the Pacific may be 
of Pleistocene age (36). His conclusions 
involve a number of assumptions, and 
it can hardly be said that they invali- 
date the evidence for rapid intertidal 
erosion in the Pacific. Additional de- 
terminations of ages obtained from 
radiocarbon and other measurements 
from widely scattered areas may even- 
tually resolve some of the differences of 
interpretation. 


Origin of Reef Islands 


The small low islands of sand and 
coarser debris that are found on many 
reefs, particularly on atolls, may be re- 
lated to the postulated recent negative 
shift in the strand line of about 6 feet. 
Such a eustatic shift would stimulate 
erosion of any reefs that had grown to 
a higher level, resulting in masses of 
reef debris above the new (lower) sea 
level. Wave action is now shifting these 
masses slowly across the reef flat, and 
many are being reduced in size by wave 
activity. Evidence for this is seen in 
lines of truncated beach rock beyond 
the limits of the existing islands. 


The Reef Complex 


In 1950 Henson suggested the term 
reef complex for the aggregate of reef 
limestones and calcareous rocks as- 
sociated with them (37). It is a useful 
term that includes: the surface reefs, all 
outer reef structures, and the deposits 
that underlie the flat and the lagoon. 
The sediments making up the complex 
may be several thousand feet thick, 
with bulk ten times that of the con- 
trolling reef frame. 

Charles Darwin was the first to think 
seriously about the thickness of reefs. 
His brilliant deductive theorizing on the 
nature of reef building was done be- 
fore he had had an opportunity to see 


SCIENCE, VOL, 134 





a tr 
with 
and 
tion 
subs 


gro\ 
dep 
mai 
alor 
fror 
atol 
be § 
slov 
and 
lane 
bar: 
atol 
atol 
a Ss 
thre 
(38 


relz 
par 
Pac 
tha 
tru 
frir 
gro 
era 
but 
gro 
ly : 
ma 
gro 


era 
to | 
ton 
Da 
gra 
lyit 
dri 
sin’ 
adj 
tin; 
pre 
Wil 
as 


Bri 
Isl; 
nal 
75 





Jal 


2m 


Hts. 


en- 


und 
any 
Te- 
tive 
eet. 
late 
1 to 
of 
sea 
1ese 
and 
ave 
) in 
ond 


erm 
reef 

as- 
eful 
, all 
osits 
oon. 
plex 
hick, 
con- 


hink 
eefs. 
1 the 
: be- 
» see 


L. 134 








a true reef. He was, however, familiar 
with the effects of elevation of the land 
and with denudation and the deposi- 
tion of sediment. Mentally substituting 
subsidence for elevation, and coral 
growth in shallow water for sediment 
deposition, he reasoned that the three 
main types of reef—the fringing reef 
along the shore, the barrier separated 
from the shore by a lagoon, and the 
atoll without a central island—might 
be genetically related and controlled by 
slow subsidence. Thus, with upward 
and outward growth on a sinking is- 
land, a fringing reef could become a 
barrier, and the barrier, in turn, an 
atoll. He recognized, however, that an 
atoll could be developed directly from 
a shallow-water bank without passing 
through the intermediate barrier stage 
(38). 

It is difficult to generalize on the 
relative importance of vertical as com- 
pared with horizontal growth. In the 
Pacific, where atolls abound, it appears 
that many have grown upward on 
truncated platforms without ever being 
fringing reefs or barriers. Vertical 
growth in some areas amounts to sev- 
eral thousands of feet. If the submarine 
buttresses that fringe many atolls are 
growth forms, they are growing lateral- 
ly as well as vertically, and in turn, the 
marginal zone of the surface reef is 
growing laterally over the buttress area. 

Charles Darwin was the first of sev- 
eral students of coral formations to refer 
to them picturesquely as monuments or 
tombstones over subsiding land. W. M. 
Davis, who saw reefs only as physio- 
graphic features, referred to the low- 
lying atolls as “inscrutable.” The core 
drill established the aptness of Darwin’s 
simile and the ineptness of Davis's 
adjective. Along with its cores and cut- 
tings, however, the drill brought up 
problems not envisaged by either Dar- 
win or Davis. Some of these still await 
a satisfactory solution. 

The drill holes put down by the 
British on Funafuti Atoll in the Ellice 
Islands penetrated 1114 feet of Quater- 
nary reef limestone, and below about 
750 feet the rock was heavily dolomit- 
ized (39). The hole drilled by the Japa- 
nese on Kita-daito-shima ended in 
Miocene [“Oligocene”] beds at 1416 
feet, the upper levels being dolomitized 
(40). The deepest hole on Bikini (Fig. 
10) went 2556 feet into Miocene, with 
no trace of dolomite. On Eniwetok the 
drills went beyond 4000 feet to a 
basaltic foundation below upper Eocene 
limestones. One hole showed a little 
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dolomite in the Eocene rocks, the other 
showed much more, also in the Eocene; 
there was a trace of dolomite in the 
Miocene rocks but none in the younger 
beds (31). S. O. Schlanger, of the US. 
Geological Survey (41), concluded that 
the island dolomites were formed in 
several ways. Others who are studying 
the Pacific island dolomites include 
Donald Graf of the Illinois Geological 
Survey, Julian Goldsmith of the Uni- 
versity of Chicago, R. G. C. Bathurst 
of Liverpool, England, and a group 
from the Shell Development Company 
of Houston, headed by F. J. Lucia. 
When all these workers have reported, 
we shall, no doubt, know much more 
about the origin of dolomite. At the 
present time the problem of atoll 
dolomites is. far from complete solu- 
tion. The situation has not been simpli- 
fied by the discovery of dolomite in 
Miocene ooze below 11,700 feet of 
water off the coast of Mexico in the 
preliminary Mohole drilling project. 
Drilling of the “inscrutable atolls” 
has brought forth other interesting com- 
plications. The over-all history, as 
postulated by Darwin, has been one of 
submergence. In parts of the Pacific 
the submergence started at least as far 
back as the Eocene, and during the in- 
tervening 50 million years there have 
been several subintervals of consider- 
able length when the tops of the atolls 
stood hundreds of feet above the sea. 
Eniwetok Atoll was a high island and 
bore a high-island fauna and flora 
not once but several times. Drill samples 
from Eniwetok Atoll have yielded land 
shells of a type that lives on high is- 
lands rather than on atolls. There also 
are rich concentrations of spores and 
pollens that record the existence on the 
emerged atoll of a tropical deciduous 
forest (42). This paleontological evi- 
dence is supported by petrologic evi- 
dence. J. I. Tracey of the U.S. Geologi- 
cal Survey, who made a _ detailed 
petrologic study of the Bikini cores and 
cuttings, . recognized a_ recrystallized 
(calcite) zone in the Miocene at a depth 
of more than 1000 feet, overlain by 
beds containing unaltered (aragonitic) 
shells and skeletons (27). As the upper 
layers of ocean waters are saturated 
with calcium carbonate, Tracey con- 
cluded that the leaching and recrystal- 
lization took place during a period of 
emergence. Schlanger, who studied the 
petrology of Eniwetok samples, found 
zones of leaching and recrystallization 
similar to those of Bikini. He has called 
them “solution unconformities” (4/). 





Reef Foundations 


With the drilling of one reef (Eni- 
wetok) to its volcanic foundation (Fig. 
11) we have obtained a fairly good pic- 
ture of how that particular reef was 
started, and we know the length of its 
life. Its base was laid in late Eocene 
time on the tops of truncated volcanoes 
two miles above the floor of the deep 
ocean. We are probably justified in ex- 
tending the Eniwetok findings to other 
atolls in the Marshall Islands and, per- 
haps, to other atolls in the Pacific Basin 
proper. When, however, we consider 
atolls outside the basin we are less sure 
of our ground. When, for example, we 
cross the andesite line that separates 
the Pacific Basin from Melanesia, we 
enter a province where uplift, rather 
than subsidence, appears to have been 
the dominant geologic process in post- 
Tertiary times. 

There are many barrier reefs and 
some atolls in Melanesia, and along 
with them are elevated Tertiary and 
younger reefs as much as 1000 feet 
above sea level. The Mbukatatanoa 
(Argo) reefs in eastern Fiji, for example, 





Fig. 8. Growth of coral planted on the 
Great Barrier Reef. This specimen (Acro- 
pora quelchi) increased 57 and 78 percent, 


respectively, on the greater and _ lesser 
diameters in a period of 187 days. White 
squares represent square centimeters. [T. 
A. Stephenson, courtesy Anne Stephenson 
and the British Museum (Natural History)] 
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Fig. 9. Reef block on a reef off Enirik Island, Bikini Atoll. [J. I. Tracey, SJr., USS. 
Geological Survey] 
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Fig. 10. Deep drilling on the lagoon shore of Bikini Island. [U.S. Navy] 
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form an atoll comparable in size to the 
larger atolls of the Pacific Basin, though 
somewhat more irregular in outline. 
The nature of the foundation upon 
which it grows and the thickness of the 
reef are not known, as neither drilling 
nor seismic investigations have ever 
been made there. The numerous barrier 
reefs in the same area have been ex- 
amined in a few places. They lie off 
islands on which Tertiary and younger 
limestones are exposed above volcanics, 
but we have no definite idea of the na- 
ture of the foundation of the existing 
reefs or of the thickness of the struc- 
tures. 

Several submerged banks that may 
represent “drowned” reefs have been 
examined. One of these, Alexa Bank, in 
Fiji, measures 5 by 10 miles and has a 
raised rim and other features which 
suggest that it may once have been an 
atoll. A seismic survey indicated a 
depth of calcareous material of several 
thousand feet, comparable to that found 
at Bikini and Eniwetok atolls. The bank 
is assumed to have a volcanic founda- 
tion (43). 

In the Indian Ocean, where atolls 
also occur, we know practically noth- 
ing about the nature of the reef founda- 
tions. 


Links to Other Sciences 


The building of reefs is primarily a 
biological process, but geological proc- 
esses such as erosion and sedimentation 
enter as soon as the first reef organism 
is damaged by wave attack. Thereafter, 
reef building is a combination of or- 
ganic and inorganic growth. Ultimately 
the effects spread to many other scien- 
tific fields. 

Oceanography. Oceanography is con- 
cerned primarily with the chemistry of 
ocean waters and with their move- 
ments. In a broader sense it includes 
studies of bottom topography and 
many aspects of marine biology. On 
this latter basis, reef building is not only 
linked to oceanography—it is an integral 
part of it. I shall not attempt to discuss 
this broader relationship but shall cite 
a specific example in which the growth 
of reefs has, in an important way, di- 
rectly affected strictly oceanographic 
processes. 

The 50 atolls and small coral islands 
that form the Marshall and Gilbert is- 
land chain are spread across some 800 
miles of ocean. The chain stands 
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athwart the Equatorial Current system, 
and small and insignificant as the reefs 
are at the surface, they cause large- 
scale eddies in the North Equatorial 
Current, the Equatorial Countercurrent, 
and, possibly, the South Equatorial 
Current (44). Acting with surprising ef- 
fectiveness as a topographic barrier, the 
scattered atolls affect the circulation, 
the temperature, and the salinity of an 
enormous area of deep ocean. 

Geomorphology. Existing reefs and 
reefs of the past are specialized land 
forms and have always had a strong 
appeal for the physiographer or geo- 
morphologist. Recently emerged reefs, 
whether fringing, barrier, or atoll, re- 
tain their characteristic form for ap- 
preciable lengths of time, and a close 
study of the limestones of which they 
are composed will, in many instances, 
support the reef interpretation. Lime- 
stone masses of other types that have 
been elevated for long periods of time 
may, through the vagaries of atmos- 
pheric solution, assume a reeflike shape 
that may lead to the erroneous interpre- 
tation that they are reefs. All elevated 
limestone masses in the tropics tend 
eventually to assume a basin shape that 
strongly suggests that of an atoll, yet 
the mass may be composed of bedded 
limestones that accumulated below wave 
base. It is not safe, therefore, to as- 
sume, as some physiographers have 
done, that all basin-shaped islands were 
once atolls. Submerged banks and ter- 
races may also represent old reefs, but 
none of these have been examined with 
sufficient thoroughness to establish their 
origin beyond question. 

In the tropics all limestone masses 
that rise above the sea bear a nip or 
notch, whose center lies at about high- 
tide level. On most limestone islands 
there are remnants of what appears to 
be an older nip, whose center lies about 
6 feet above present high-tide level. 
The prevalence of such an older nip in 
widely separated parts of the Pacific has 
led many workers to conclude that it 
records a time when the sea stood 6 
feet higher than it does now. Attempts 
to date the beginning of the 6-foot fall 
by radiocarbon analyses have been, and 
are being, made. Cloud, after reviewing 
all types of evidence, suggested that the 
shift began 3000 (+ 1500) years ago 
(45). 

It should be pointed out that in the 
Pacific there is at least one area with- 
out an older 6-foot nip. Every one of 
the numerous limestone islands of Palau 
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in the western Pacific shows a well-de- 
veloped nip at existing high-tide level, 
but no trace of an older, elevated nip 
has been found. Wave erosion is known 
to be a factor in nip formation, but the 
controlling factor seems to be intertidal 
solution. In Palau, where rainfall is 
heavy and vegetation is dense—to yield 
necessary carbonic acid—it may be that 
solution proceeds faster than it does 
elsewhere. Conceivably, it may have 
proceeded so rapidly that all traces of 
an earlier nip have been destroyed. 
Elevated and submerged reefs pre- 
serve evidence that points clearly to 
shifts in the strand line. In many in- 
stances this evidence seems to be tied 
to local elevation or submergence of the 
island or continental coast near which 
the features appear. Islands separated 
by several hundreds of miles may ex- 
hibit elevated strand-line features or 
buried zones of leached limestone that 
can be correlated, suggesting that the 
changes in land and sea were essen- 
tially uniform throughout an entire 
island group. Attempts have been made 
to extend correlations of this sort 
beyond single groups; indeed, such 
correlations have been stretched one- 
third of the way around the world— 
from the southwest Pacific through 
Hawaii to the eastern shores of North 
America (46). Those who support such 
interpretations postulate eustatic (world- 
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wide) changes of sea level. The changes, 
however, imply a stability of the lands 
that is hard to accept because in many 
areas, including many island areas, 
there have been uplifts and submer- 
gences in fairly recent geologic time. 
In parts of the southwest Pacific, is- 
lands separated by only a few miles 
preserve old strand lines at different 
levels, and in other places the lines on 
opposite sides of a single island cannot 
be correlated, as the island has been 
tilted during elevation. 

Attempts to correlate emerged and 
submerged strand lines over wide areas 
will doubtless continue, for they offer 
fascinating fields for speculation. As 
isotopic methods for dating limestones 
are improved it may be possible to estab- 
lish some correlations more accurately 
and, perhaps, to come to some measure 
of agreement about eustatic shifts of 
sea level in late geologic time. 

Petroleum geology. Structures having 
many of the characteristics of existing 
reefs have long been recognized in our 
older fossiliferous rocks, including those 
of the Paleozoic. Some geologists and 
biologists were loath to make direct 
comparisons between ancient and exist- 
ing reefs because present-day reef build- 
ers did not exist in Paleozoic time. As 
early as 1911, however, Vaughan sum- 
marized available evidence and con- 
cluded that Paleozoic reefs were formed 
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under conditions (depth, temperature, 
water circulation, type of bottom, com- 
position, and specific gravity of oceanic 
waters) essentially similar to those of 
today (47). This interpretation took on 
great practical significance when rich 
deposits of oil were found by drilling 
ancient reefs. 

As early as 1927 it was recognized 
that the Permian Capitan limestone of 
west Texas and southeast New Mexico 
had many of the characteristics of a 
reef (48), and in 1929 it was so de- 
scribed (49). This interpretation has 
since been documented by intensive 
studies (50). This ancient reef, which 
became a leading producer in the “Reef 
fields,” compares favorably in size with 
the largest of existing reefs, as it is sev- 
eral miles wide, hundreds of miles long, 
and thousands of feet thick. 

Similar discoveries in other widely 
scattered areas have demonstrated that 
ancient reefs form excellent reservoir 
rocks. In 1947, for example, the first 
wells ‘were drilled into a Devonian 
dolomitized reef in Alberta, Canada. 
This became the highly productive 
Leduc field (Fig. 12) (5). With the help 
of the drill, geologists have learned more 
about ancient reef builders, about the 
regional relations of buried reef masses, 
and about the diagenetic changes (con- 
solidation, cementation, dolomitization, 
and so on) that have taken place in the 
original reef rock. Needless to say, both 
geologists and geochemists have been 
aided in their investigations by studies 
of existing reefs. 

Sedimentation. Reefs and their as- 
sociated lagoons form nearly ideal sites 
for the study of many sedimentary 
processes. The lagoon of an atoll may 
be regarded as a large but fairly well 
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controlled laboratory specializing in 
locally derived calcareous sediments. 
No foreign material enters the circuit 
except for minute pelagic organisms 
that come in over the windward reef, 
accompanied, on rare occasions, by 
pieces of pumice that have floated in 
from an up-wind volcano. The en- 
circling reef effectively controls the 
waves and swells of the open sea, though 
a typhoon or hurricane may, on oc- 
casion, interrupt the established routine. 
Most reef lagoons lie in the trade-wind 
belt, and for nine months each year the 
winds blow fairly steadily from one 
direction. This may lead to the estab- 
lishment of a primary circulation (over- 
turning wind-driven circulation) and a 
secondary circulation (rotary circula- 
tion composed of two counter-rotating 
compartments) (52). Waters from the 
open sea feed this system over the wind- 
ward reefs, and a comparable amount 
of water escapes through leeward passes 
and over the leeward reef. 

The absence of terrigenous sediment 
on an atoll reduces the operation of 
many sedimentary processes to their 
simplest terms. There are no clay 
minerals, and much of the clay-size 
carbonate, apparently, is carried out of 
the lagoon. Most of the material ac- 
cumulated in the lagoon is coarse clastic 
sediment. All deposition is in fairly 
shallow waters, and definite patterns 
can be recognized and mapped (see 
27 and 53). 

Structural geology and geophysics. 
As mentioned in the section on geo- 
morphology, both elevated and sub- 
merged reefs preserve evidence that 
points clearly to shifts in the strand line. 
In areas where the shift appears to have 
been regional, the reef evidence may 


give valuable support to theories in- 
volving major earth structures. In the 
western Pacific, for example, beyond 
the andesite line that separates the 
Pacific Basin proper from the con- 
tinental area, many of the numerous 
islands are arranged in arcs that are 
convex with respect to the basin. Most 
of these arcs have deep trenches along 
their convex fronts, and there is much 
evidence from the study of seismology, 
volcanology, and earth gravity to in- 
dicate that these are active areas of 
orogenic deformation. There are con- 
siderable differences of opinion as to 
how the forces are acting and about 
the timing of major events, but there is 
agreement on certain aspects, and reef 
studies have contributed to the over-all 
study. 

In the Pacific Basin there are scat- 
tered surface atolls and submerged flat- 
topped seamounts (guyots), both of 
which indicate submergence. The guyots 
now lie several thousand feet below the 
sea surface, yet dredging on them has 
yielded shallow-water organisms as old 
as Middle Cretaceous (54). 

Biogeography. As already noted, ex- 
isting reefs are the homes of many sorts 
of plant and animal communities. No 
other environment in the, sea supports 
such a variety and abundance of life. 
Scattered as they are over an area of 
more than 50 million square miles, reefs 
offer unrivaled opportunities for the 
study of geographic distribution and the 
relations of organisms to each other. 
The faunas and floras of ancient reefs 
are as yet comparatively little known, 
but the field holds much promise, and 
studies of older reefs should add great- 
ly to our understanding of present 
geographic patterns. 

As an example, I should like to cite 
a proposal for which definite plans are 
now being considered. The plan calls 
for the drilling and sampling of a deep 
hole on Midway Island in the Hawaiian 
Islands—a hole that would penetrate 
the sediments beneath the existing reef 
and reach the basaltic foundation. The 
importance of Midway becomes clear if 
we briefly review the known and the 
assumed history of the Hawaiian Is- 
lands. 

The surface geology of the Hawaiian 
Islands—located in the center of the 
world’s largest ocean—has been worked 
out in considerable detail (55). The 
chain stretches for 1600 miles from 
northwest to southeast. The exposed 
rocks are almost entirely volcanic, the 
oldest probably being late Tertiary in 
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age. Geologists have long favored the 
view that the northwest islands are the 
oldest and that volcanism progressed 
southeastward to the island of Ha- 
waii, where such activity still per- 
sists. It is thought that the outpour- 
ing of lavas to build islands from the 
floor of the deep sea depressed the 
crust, causing slow submergence which, 
like the volcanism, progressed from 
northwest to southeast. Islands, such 
as Midway, on the northwest, are 
now coral reefs, and a considerable 
thickness of calcareous sediments prob- 
ably lies beneath them. If several 
thousand feet of fossiliferous sediments 
underlie Midway, a drill hole might 
disclose a history dating back to the 
Cretaceous or even earlier. Before at- 
tempting the expensive process of drill- 
ing it would be well to check the 
thickness of the sedimentary cap with a 
seismic refraction survey. Plans for such 
a survey are being formulated, and it is 
hoped that drilling will follow. 

If such a drill hole can demonstrate 
and document an appreciably longer 
geological history for Hawaii than is in- 
dicated by its youthful surface rocks, it 
would offer a reasonable solution for 
one long-standing biogeographical prob- 
lem and might throw considerable light 
on another. 

1) If it can be shown that the Hawai- 
ian Islands date back as far as the 
Cretaceous, and if it is assumed that 
they were built up slowly—flow by flow 
—as they are being enlarged today, it 
will appear that there may have been 
some land in existence during all post- 
Cretaceous time. In that case, the land 
plants and the land invertebrates (land 
shells), which show a high percentage 
of endemism and have long been recog- 
nized as ancient stocks, would always 
have had a home of sorts. There would 
be no conflict between biological and 
geological evidence. 

2) If the marine invertebrates ob- 
tained from such a drill hole are com- 
parable in diversity and abundance 
with the faunas obtained from similar 
drill holes in the Marshall Islands, this 
would lend support to the suggestion 
that many.elements of the Indo-Pacific 
fauna (now widely thought to have 
migrated from Indonesia) actually 
originated in the mid-Pacific and mi- 
grated, with the help of favorable winds 
and currents, toward Indonesia (56, 
57). 
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Public Education for 


Science and Technology 


What is the role that the universities should 
play in dispelling popular myths about science? 


The mid-20th century may be called 
an age of science not because all men 
are scientists or because all men under- 
stand science but rather because the 
forces unleashed by science are incom- 
parably powerful. The tack of under- 
standing between those who can call 
themselves scientists and those who only 
see the effects of science has become a 
dangerous schism even in the English- 
speaking world, which conducts a more 
than proportional share of scientific re- 
search. Ever since the advent of univer- 
sal literacy and free public schools, it 
has seemed reasonable to expect that the 
educational system itself should provide 
every citizen with some understanding 
of science. Yet the present scene easily 
confounds such an easy belief. The 
school system has left many citizens sad- 
ly confused concerning the nature and 
significance of science. “Public educa- 
tion in science” is used here as distinct 
from the efforts of the school system 
proper and as supplementary to them. 
Hence, public education must take into 
account the great and growing gap be- 
tween the accomplishments of science 
and the understanding of their signifi- 
cance by citizens at large. 

The people of the English-speaking 
world of the 19th century had fewer 
doubts about the desirability or the pos- 
sibility of public education in science. 
Their enthusiasm was a part of their 
belief in universal education, and their 
goal included science as a part of re- 
spectable culture. The lyceum and the 
workingman’s institute not only included 
science but gloried in it. Outstanding 
scientists such as Sir Charles Lye!l con- 
sidered public lecturing a natural part 
of their proper role. In America, Ben- 
jamin Silliman and Louis Agassiz 
looked upon the lecture podium as a 
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place of opportunity equal to the labora- 
tory and the classroom. And T. H. 
Huxley, one of the greatest molders of 
scientific opinion in history, worked out 
many of his most effective essays not in 
learned journals but before audiences of 
workingmen. Indeed, Huxley’s “On a 
piece of chalk” and other lay sermons 
are still dominant models for the popu- 
larization of science. 

The audiences of the middle 19th 
century responded with equal enthu- 
siasm. The crowd in Boston which 
broke a plate-glass window at the Old 
Corner Bookstore trying to get tickets 
for a Lowell Institute lecture is not 
easily duplicated in 20th-century Amer- 
ica. And the audiences flocked in to 
hear the straight science of the day. 
Many a lyceum lecture was a direct 
transplantation of a section of a col- 
lege textbook. Amos Eaton, the great 
impresario of science in New York State 
in the 1820’s and 1830's, gave chemis- 
try demonstrations to the New York 
legislature. Both scientist and audience 
shared a belief that the common man 
could understand science, that the pro- 
fessional had a duty to explain science 
to the public, and that a massive uplift 
in society would result from their joint 
activities. 


Twentieth-Century Phenomena 


To understand the predicament of the 
university in the mid-20th century, one 
must examine what happened to the 
19th-century faith in public education 
in science. To say that a scientific rev- 
olution has taken place is too trite. In- 
stead, let us point to three obvious and 
major phenomena which have accom- 
panied that revolution. In the first place, 





science has become complex far beyond 
the comprehension of any one mind, 
professional or lay. Specialization has 
made possible the esoteric development 
of hundreds of lines of thought and re- 
search, to the point where acquiring an 
initiate’s knowledge of any one of them 
is impossible for all but an infinitesimal 
proportion of the whole body of citi- 
zenry. The pessimism engendered by 
this complexity has led both the audi- 
ence and scientists of the stature of 
Huxley and Agassiz largely to withdraw 
from the arena of public education. 

In the second place, science has lost 
its place as a part of genteel culture 
and has emerged instead as the partner 
of technology. Until it was coupled with 
science, technology was largely a stabi- 
lizing factor in society, a brake upon 
change. When in the late 19th century 
it became coupled with science in a 
regular, continuous, and _institution- 
alized partnership, technology reversed 
its historic role and became the major 
disruptive force as well as a major cre- 
ative force in every Western society. 
People sensed rather than understood 
that science had something to do with 
this outburst of technological power, 
and in general leaped to a disastrous 
assumption which confuses the public 
today—the belief that science and tech- 
nology are identical. This confusion led 
much public education in science, from 
the 1920’s onward, to take the form of 
pointing in wonder at the end products 
of technology. If you would teach a 
student about science, show him a 
motorcar. The familiar will eventually 
lead to the unfamiliar, and the prin- 
ciples of mechanics, of combustion, and 
of expansion of gases are all accessible 
by this route in a miscellaneous array. 
Also, unfortunately, many citizens have 
drawn from this method of education 
the impression that high among the 
ranks of American scientists stands 
Henry Ford. 

In the third place, a combination of 
the first two trends has produced a 
situation in which the guild of qualified 
scientists is completely unable to man 
all the posts in society which require an 
understanding of science. Each major 
application of ‘cience to technology 
brings large segments of society into a 
working relation with the scientific 
establishment. To give just one example, 
radar in 1937 was almost exclusively in 
the hands of guild scientists in research 
laboratories. Yet by early 1945, when 
the Fifth Fleet concentrated at Ulithi 
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Atoll, half a world away from M.LT., 
the forest of antennas implied that thou- 
sands of men of all ranks and rates 
had been forced to acquire some under- 
standing of the principles of radar. This 
thousandfold increase was not accomp- 
lished by putting Ph.D.’s on every mine 
sweeper and patrol plane, but rather by 
forced and fragmentary education in 
science of large occupational groups 
which theretofore had been largely in- 
nocent of electronics. Since World War 
II the impact of science on new groups 
has continued to increase. Labor lead- 
ers, business executives, and stockbrok- 
ers are increasingly enmeshed. And 
most of all, the statesmen and politi- 
cians and civil servants find themselves 
deep in questions of science polity, re- 
gardless of their backgrounds. And as 
a complement to this involvement, the 
scientists find their affairs less and less 
the subject of guild determination and 
more and more in the hands of those 
outside the guild who are concerned 
with larger questions of policy. 

These three trends have paradoxical 
effects. They remove the common man 
from any possibility of understanding 
science at its highest level, while at the 
same time they enmesh more common 
men directly in the affairs of science. 
They make the common man feel sci- 
ence all around him with the flood of 
technological end products, thereby ob- 
scuring the distinctive role that science 
plays independent of its technological 
applications. Perhaps the only clear im- 
pression which emerges is the inade- 
quacy of the 19th-century pattern of 
public education in science. The one ap- 
proach that gives least promise of suc- 
cess is the 19th-century effort to make 
every man a Scientist by giving him a 
lecture at a lyceum. Yet the pessimism 
here implied is matched by the height- 
ened sense that civilization must not 
be allowed to fragment itself without a 
protest on the part of the universities. 
One way to get a more realistic ap- 
praisal of the problem facing us is to do 
away with the formidable task of pro- 
viding public education for the com- 
mon man and to break him down into 
distinct audiences created by the trends 
we have already mentioned. 


The Cargo Cult ' 


The habit of approaching science by 
way of technological end products pro- 
duces an audience held in thrall by 
what we may call, by loose analogy 
from anthropology, a cargo cult. When 
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in World War II the natives of Mela- 
nesia beheld the terrible and wonderful 
end products of Western technology 
coming ashore as cargo from the fleets 
of ships, they could see neither the in- 
dustrial system nor the pattern of ideas 
which produced these unimagined 
riches. Their reaction, however, was 
based both on close observation and on 
cause-and-effect reasoning. The white 
men who possessed the cargo engaged 
in mysterious paper-passing rituals and 
erected feathery metal monuments to 
their gods, with whom those who pos- 
sessed the secret of the cargo could 
communicate, thus bringing more ships 
and more cargo. By grafting these ob- 
servations onto stories of a messiah, as 
half-understood from missionaries, and 
onto assorted native myths, the island- 
ers were soon seized with the millennial 
ecstasy of the cargo cult. They stopped 
work, neglected their tribal customs, 
and built bamboo antennas on their huts 
in order to communicate with the new 
messiah who would bring the cargo 
to them! 

Without pressing the analogy too far, 
one can nevertheless assert that a cargo 
cult exists in American society itself. 
Many of the symbols of science in the 
public mind are no more functional 
parts of the scientific enterprise than are 
the bamboo antennas of the Melane- 
sians. Scientists appear as white-coated 
witch doctors manipulating the mys- 
teries of an esoteric cult. The public, 
failing to understand science, neverthe- 
less worships it as a messiah while fear- 
ing its diabolical power. Technological 
marvels, called science by the cults, add 
to their undeniable power by corroding 
the fabric of society with the false hope 
of an immediate millennium. 

The universities, which are among the 
few institutions in American society pos- 
sessing the resources to describe the 
whole process from basic science to 
technological end product, have a posi- 
tive duty to discourage the cargo cults. 
Any program of public education to 
which they subscribe must make clear 
the difference between science and the 
artifacts of technology. And the uni- 
versities must not delude themselves 
into thinking that by taking no action 
they can merely leave the citizenry in- 
nocent of science. The cargo cults are 
already loose among the people, bat- 
tening on the stereotypes fed by mass 
communication media. The longer the 
inaction lasts, the firmer will be the hold 
of the cargo cults and the harder it 
will be to dispel the mysteries surround- 
ing science. 


Two Audiences 


In this framework, the university 
can begin to identify one large audience 
to whom it has something to say about 
science. A large group of people of all 
levels of education and of all social 
classes emerge from school and college 
knowing so little science that they are 
ripe for the cargo cults. The universities 
cannot dream of recruiting scientists 
from this group, nor can they dream of 
making every voter his own scientist by 
serving freshman courses to the public. 
What they can perhaps do is give this 
group a sense of how science deals with 
problems. If each person can be led to 
think about one problem as the sci- 
entist thinks about it, he will be much 
less likely to make the confusion of 
ends and means which lies at the base 
of the cargo cult. Since much scientific 
thinking does go on in a university, the 
university is a proper and even neces- 
sary agency for telling the public how 
a scientist uses his mind, and for show- 
ing that in any given situation scientific 
reasoning is not mystery but its op- 
posite. 

Too much dissatisfaction with the 
teaching of science at all levels exists to 
make the design of a program of public 
education in science for this first and 
largest audience an easy task. As much 
as a quarter of a century ago C. P. 
Snow had a scientist in one of his novels 
rail against the logical method of teach- 
ing science and regret his own misedu- 
cation. 

Others have seen the inhuman and 
lifeless form that is left when the path 
of science becomes inexorable logic. 
Their remedy is usually to present sci- 
ence as a form of history. Recount, 
they say, the wayward course that 
science has actually taken in order to 
grasp the life of the enterprise. Then 
one may fathom the unpredictability 
and excitement of research. The univer- 
sities should consider carefully whether 
this is a real way out. 

Even if the great mass of people who 
misunderstand the nature of science 
could be brought to a state of appre- 
ciation, however, the universities would 
still feel the need for a program of pub- 
lic education. For another large and 
growing audience has a different and 
even more pressing problem. The army 
of technicians, administrators, military 
men, and philosophers who have recent- 
ly come within the umbra of science 
are sufficiently versed in some form of 
science to avoid the grosser obscurities 
of the cargo cults. But they desperately 
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need to understand science as a social 
and institutional expression of a tra- 
dition of which they themselves are not 
a part. The social relations of science 
are no longer merely internal, within a 
closed guild. They are a fundamental 
part of the policy of a nation and of the 
international community. The audience 
of people within the umbra of science 
consider science not so much a system 
of ideas about nature as a social activ- 
ity among men. Many in this audience 
are in command of sophisticated bodies 
of scientific information. Many of them, 
however, have only outworn slogans 
with which to analyze the changing role 
of science in society. Can any public 
servant do his job today without some 
appreciation of the changed relation 
of the government and science? Can 
any business executive make adequate 
decisions without some appreciation of 
the role of the industrial research lab- 
oratory? Can any university official op- 
erate today on the assumption that he 
has no scientific connections with the 
government and industry? Is any mili- 
tary or diplomatic problem understand- 
able apart from the scientific problem 
that is involved? These questions in- 
volve political, social, and economic 


Science 


As Interpreter of Soviet Moves, 
Khrushchev Remains the Best 
Kremlinologist 


For those whose job it is to explain 
the Khrushchev Effect, the last 2 weeks 
have been busy ones, indeed. 

Without so much as_ stumbling, 
Khrushchev has ordered Soviet test re- 
sumption; demanded a settlement of the 
“German problem”; scoffed at the 
neutrals; caused the United States to 
resume nuclear testing; and rejected an 
appeal for an atmospheric test ban. 

At the same time, the French agreed 
to U.S. nuclear arms training for their 
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issues in society as a whole. And on 
their resolution could depend survival 
itself. 

The ability of the rich and varied 
empires of science to mount a program 
of public education may be open to 
question, but a glance at any American 
university’s resources for studying sci- 
ence as social activity reveals only ap- 
palling weakness. Despite the hundreds 
of scientists on its faculty, a university 
can usually count the scholars working 
on the social relations of science on the 
fingers of one, or at most two, hands. 
And even these scholars are scattered 
through several departments of the hu- 
manities and social sciences and are out 
of touch with one another, distracted 
by other interests and demanding duties. 
Would not a public education program 
in science as a social activity only re- 
veal to the world the scandalous neglect 
of this subject by the universities? Pos- 
sibly so. But there is a_ surprising 
amount of literature, written in at least 
passably plain English, stacking up in 
this area, which might provide a suffi- 
cient basis for discussion. One cannot 
conceive of didactic teaching on the 
basis of present knowledge. But a body 
of information does exist, at least 


and the News 


troops; Congress acted favorably on a 
permanent U.S. disarmament agency; 
a badly mauled foreign-aid bill was au- 
thorized; and the Geneva test-ban talks 
were indefinitely postponed after 340 
sessions. 

Meanwhile, intrepid Soviet and U.S. 
scientists met in the sylvan tranquillity 
of Vermont to discuss mutual interests; 
Eastern and Western scientific con- 
freres met in Vienna to exchange data 
on fusion research; U.S. disarmament 
negotiator John J. McCloy met with 
Valerian A. Zorin to plan a general dis- 
armament conference; and the nettle- 
some Jack Parr upstaged two colonels, 





enough for interested people to ponder. 
It is the importance of the questions, 
not the availability of answers, that bids 
people attend. If this were not so, how 
could international affairs and the cold 
war have any place in public educa- 
tion? 

In summary, the trends in 20th-cen- 
tury science sketched here call for the 
universities to mount not one but at 
least two programs in public education 
in science. The first must be designed 
for an audience that does not know 
what a scientist does or how he thinks 
or solves a problem. The second must 
be for an audience already in touch 
with science and challenged by that very 
fact to understand it as a social activity. 
In neither case does the university pos- 
sess the manpower to man the programs 
directly. Rather, it must decide whether 
these programs can be carried out in- 
directly, through techniques of public 
education developed in other fields. 
Above all, however, the universities 
must not, in their preoccupation with 
the difficulties of doing anything in pub- 
lic education, forget the price they will 
pay if they do nothing. Misunderstand- 
ing science and its role in civilization 
levies a toll on all mankind. 


a lieutenant colonel, a major, a captain, 
two lieutenants, and a platoon of en- 
listed men in Berlin. 

At best, attempts from beyond Red 
Square to explain all the actions and 
reactions that result from the Khrush- 
chev Effect are conjectural. Clearly, the 
best Kremlinologist is Nikita S. Khrush- 
chev. In recent weeks he has repeatedly 
spelled out his plot. He is authoring an 
anatomy of terror. And, for the 
moment, at least, he seems to be suc- 
ceeding. 

Khrushchev wants two Germanys 
and an independent Berlin. Although he 
is willing to subject his demands to a 
second Kennedy-Khrushchev confronta- 
tion—and there could very well be an 
East-West summit meeting soon—most 
observers agree that Khrushchev would 
remain intractable in his demands. In 
this, Khrushchev mimics the World 
War II aphorism that there is a right 
way, a wrong way, and the Army way 
of doing things. To settle the Berlin 
crisis, there is only the Khrushchev 
way, in Khrushchev’s view. 

The Soviet resumption of nuclear 
testing is inextricably linked to the 
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Berlin crisis, though it has its military 
needs, too. Undoubtedly, there are other 
concomitant underlying and overriding 
Soviet reasons for resumption. It is in 
the nature of this conspiratorial beast 
that cause and effect is a well-spun web 
responsive, always, to the spider in the 
middle no matter where upon the web 
the fly is enticed to light. 


Bullying 


Politically, Khrushchev is using nu- 
clear testing to bully the Western alli- 
ance and the neutralists. And he has 
made no bones about dealing in “atomic 
blackmail.” He is threatening thermo- 
nuclear war hoping to cow the West 
into accommodating him on Berlin and 
Germany, and to cow the neutralists 
into pressuring the West for this ac- 
commodation. 

The neutralist leaders, at Belgrade, 
were more interested in condemning 
the only colonialism they know than in 
openly castigating the devisers of a new 
colonialism. Two neutralist delegations 
were scheduled to present an appeal for 
peace to President Kennedy. Prime 
Minister Nehru of India was assigned 
a similar task toward the Soviets. But 
Nehru, who faces grave internal chal- 
lenges at home and wants more Soviet 
aid, was singularly ineffective in his 
suasion. 

The sum effect seems to be that the 
neutralists are the first victims of this 
newest phase of the Cold War. Khrush- 
chev showed his contempt for their in- 
fluence as a third force. Even President 
Kennedy seemed irritated with the 
neutralists. He said, upon signing the 
foreign-aid bill, that it “should give 
great attention and consideration to 
those nations who have our view of the 
world crisis.” 

The neutralists’ failure to speak out 
illustrates another point—the curious 
role of propaganda. After the first well- 
deserved pats on the back that the 
United States had shown great restraint 
and statesmanship in not being the first 
to resume nuclear testing—despite con- 
siderable pressures upon President Ken- 
nedy to do so—sober second thoughts 
suggest there is a half-life value to 
propaganda, which in this particular case 
equals that of the omega meson, the 
fleeting elementary particle whose dis- 
covery at the Lawrence Radiation 
Laboratory was reported on 1 Septem- 
ber. 

If Khrushchev holds a trump of ter- 
ror it is the 100-megaton warhead he 
has talked about repeatedly. There is 
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every reason to believe the Soviets will 
build such a weapon, if they have not 
already done so. Khrushchev told C. L. 
Sulzberger of the New York Times, 
“Let those who dream of new aggres- 
sion know that we shall have a bomb 
equal in capacity to 100,000,000 tons 
of TNT, that we already have such a 
bomb and shall test the explosive device 
for it.” 

It is even conceivable that the Soviets 
will, in fact, detonate such a weapon at 
high altitude for the world to witness. 
Such a horrifying prospect is not with- 
out precedence or rationale. After all, 
this type of display was what many 
American scientists implored President 
Truman to do with the first atomic 
bomb to bring about Japanese capitula- 
tion. 

Although U.S. officials have ex- 
pressed no interest in a 100-megaton 
device as a military weapon, the Soviets 
could be mindful that big rocket boost- 
ers were once considered wasteful mili- 
tary devices but, happily, turned out 
to have overwhelming psychological 
meaning for space exploration and 
spectacularism. 

In recent days, there have been sug- 
gestions that the United States go on 
to build a 1000-megaton device as a 
counter force. This type of thinking 
bears witness to Freeman Dyson’s be- 
lief that the importance of new nuclear 
weapons is they are technically a symp- 
tom of further advance in nuclear tech- 
nology and politically a symbol of mili- 
tary power. 


U.S. Underground Tests 


The knowledge that the fallout from 
a 100-megaton detonation would be 
severe does not seem to disturb Khrush- 
chev. He rejected the Kennedy-Mac- 
millan bid for an atmospheric test ban. 
This appeal had an error of omission— 
France was not included. And Khrush- 
chev used this as part of his reasoning 
for rejecting the bid. He also con- 
demned President Kennedy for order- 
ing a resumption of underground U.S. 
testing before the 9 September deadline 
set for Khrushchev’s reply to the atmos- 
pheric test ban. 

It is doubtful, however, that Khrush- 
chev would have agreed to the proposal 
in any event. There seem to be com- 
pelling reasons for the Soviet military 
to test nuclear weapons. The best 
guesses are the Soviets want an antimis- 
sile missile; more efficient and lighter 
warheads; and a trigger for the big 
bomb. Khrushchev argues that the 


Soviet Union has set off many fewer 
blasts than the United States, Britain, 
and France. “We have every reason, 
both from the viewpoint of morality 
and of ensuring our national interests,” 
he argues therefore, “to claim an equal 
number of test explosions with the 
Western powers.” 

These and other Khrushchev state- 
ments had already dimmed the pros- 
pects that the Labor Day weekend 
proposal by Kennedy and Macmillan 
would be accepted, and this was very 
clear to the Western powers before the 
9 September acceptance deadline. What 
is not totally clear to observers, how- 
ever, is why President Kennedy ordered 
a resumption of U.S. testing when he 
did. 

There had been considerable prior 
speculation that the President would 
defer such a decision at least until after 
9 September and perhaps until 19 Sep- 
tember when it is anticipated he will 
address the United Nations. (There is 
also the possibility that the impulsive 
Mr. K. might come to New York to 
table thump in his own defense.) 

One report has it that upon hearing 
of the third Soviet test on 5 September 
the President decided he had had 
enough. “In view of the acts of the 
Soviet Government,” the President said, 
“we must now take those steps which 
prudent men find essential. We have no 
other choice in fulfillment of the re- 
sponsibilities of the United States Gov- 
ernment to its own citizens and to the 
security of other free nations.” 

The President’s decision fit the Ad- 
ministration’s policy of convincing the 
Soviets that the United States will use 
its nuclear arms if the need arises and 
fit the nation’s ancillary policy that its 
carefully made decisions are not to be 
interpreted as signs of weakness by 
enemy, ally, or unaligned. 

The decision has been made and 
underground testing will resume shortly 
in Nevada. There is danger, however. 
that the Soviets will ‘complete their 
many tests by 19 September—just as 
U.S. testing gets under way and the 
United Nations meets. At this point 
the Soviets could again announce a 
unilateral moratorium and the U.S., 
with its sensitivity to world opinion, 
could find itself in a political dilemma. 

Although the first U.S. tests will be 
conducted underground, it seems only 
a matter of time before this nation, too, 
will resume atmospheric testing, even 
if limited. There are bound to be great 
pressures created, particularly by the 
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military and paramilitary scientists, to 
this end. After all, wars are not fought 
underground and there will be argu- 
ments that the antimissile missile must 
be tested in the atmosphere, if the na- 
tion is to be effectively protected. 

Thus, fallout dangers will increase 
markedly, properly heightening world- 
wide fears and again raising the specter 
and voice of genetic doom. 

According to Khrushchev, there is 
an out. In rejecting the proposal to ban 
atmospheric tests, he said, “It is possible 
to end nuclear tests . . . only on the 
basis of general and complete disarma- 
ment.” This is a complete turnaround. 
It was the Soviets who originally in- 
sisted that nuclear testing be separated 
from general disarmament talks and 
the U.S. accommodated them in this. 
Whether the U.S. will again accom- 
modate the Soviets remains to be seen. 
Hopefully, the channels for disarma- 
ment negotiation have not been closed. 
But there is little more than this to com- 
fort an anxious world.—Howarp 
SIMONS 


While Howard Margolis is on vaca- 
tion, his section will be written by guest 
reporters. Howard Simons, this week’s 
guest, is on the staff of the Washington 
Post. 


Wilderness Protection 


The Senate last week approved a bill 
to strengthen existing regulations against 
the intrusion of civilization upon mil- 
lions of acres of federally owned wil- 
derness. The bill, which is yet to be con- 
sidered by the House, is of vast and far- 
reaching significance for the preserva- 
tion of some of the nation’s most splen- 
did and untouched woodlands and 
mountains. 

In passing the bill, the Senate recog- 
nized the pleas of conservationists who 
have long argued that now is the time 
for increased protection, before in- 
creased demand for space, timber, and 
minerals inevitably brings pressure 
against the boundaries of these huge, 
unpopulated, and unexploited areas. 
Under the bill, some 6.7 million acres 
would be placed at once in a National 
Wilderness Preservation System. In ad- 
dition, another 60 million would be re- 
viewed, and of these, it is expected, 
some 35 million, probably all in the 
West, would qualify for eventual in- 
clusion. 

The demand for additional protection 
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was heightened by a number of fac- 
tors, all of which portend hazards for 
the preservation of these lands in their 
natural state. : 

One of the factors is the shrinkage 
of state, county, and municipal park- 
lands, especially at the hands of road 
builders, who, following the line of 
least resistance in seeking rights-of- 
way, have found that citizens are more 
inclined to fight for their homes than 
for their parks. Another is the long- 
range, but growing interest in the com- 
mercial exploitation of wilderness re- 
sources. And still another is the boom 
in camping, which has resulted in what 
have been called camping slums in some 
of the more popular national parks. 


Restrictions 


The Senate bill contains severe re- 
strictions on the use of lands in the 
Wilderness Preservation System and re- 
flects the conservationists’ disillusion- 
ment with compromises that have re- 
sulted in encroachments upon many 
supposedly protected areas. Develop- 
ment in the wilderness is not a revers- 
ible process, at least over the short run, 
and each loss to the bulldozer is re- 
garded as irretrievable. 

The bill would, in effect, “lock up” 
wilderness areas by barring road con- 
struction and prohibiting motor travel, 
including aircraft and motorboats. The 
only access would be on foot or horse- 
back, thus eliminating the likelihood of 
great encampments of tents and trail- 
ers, and attendant refuse, which have 
disillusioned some _ conservationists 
about the wisdom of opening the out- 
doors to the American public. Without 
exceptions granted by the President, no 
construction or exploitation of resources 
would be permitted. As was pointed out 
by the bill’s opponents during the Sen- 
ate debate, it would not be easy to ob- 
tain such exceptions. 

The lands proposed for inclusion in 
the Wilderness Preservation System are 
all federally owned and are under the 
jurisdiction of agencies of the Interior 
and Agriculture departments. Their 
preservation in a wilderness state has, 
with a few exceptions, been the policy 
of both departments, but the matter is 
at the discretion of the Secretaries, and 
trends disturbing to conservationists 
have become apparent over recent 
years. Among these has been a steady 
increase of commercial interest in the 
potential of these lands, increased pros- 
pecting, which is lawful, and, perhaps 
most alarming, the disclosure that a 





sizable number of oil leases were grant- 
ed on Fish and Wildlife Service lands 
during the Eisenhower Administration 
while a moratorium supposedly was in 
effect. 

A significant feature of the bill is that 
it would give the President, rather than 
the Interior and Agriculture secretaries, 
the authority to make exceptions to wil- 
derness preservation. The change may 
appear to be a small one, but it is of 
great importance for the tactical prob- 
lems that confront both the advocates 
and opponents of preservation. The de- 
partmental agencies that manage the 
lands, such as Interior’s Park Service 
and Agriculture’s Forest Service, are 
neither well publicized nor unsuscepti- 
ble to congressional pressures. The 
White House, on the other hand, is 
strongly sympathetic to wilderness pres- 
ervation, for the time being at least, and 
provides a well-illuminated arena for a 
great public row if the conservationists 
feel they are ill-treated. 

The bill approved by the Senate also 
provides the President with authority to 
add federally held lands to the Wilder- 
ness Preservation System, unless there 
is an opposing resolution adopted by 
either house of Congress. Since it is 
generally easier to block than to achieve 
positive action on Capitol Hill, conser- 
vationists look upon the Senate bill as a 
route to great expansion of the wilder- 
ness system. In support of this optimism 
is the fact that “wilderness,” like na- 
tional defense and medical research, 
does not lend itself to easy opposition. 
Even the mining and timber interests 
which doggedly opposed Senate passage 
—Senator Humphrey declared that “the 
abuse from the vested interests has been 
unbelievable”—stressed that they are 
for wilderness preservation. They ex- 
plained, however, that they opposed the 
bill because it created restrictions which 
they considered unnecessary in view of 
existing Interior and Agriculture depart- 
ment regulations. 

The final vote was 78 to 8, with 
much of the expected conservative op- 
position failing to: materialize. In part 
this was due to the fact that the wil- 
derness concept not only is attractive to 
persons of all political persuasions, but 
also that it involves no expenditures, 
merely redesignation of existing federal 
holdings. In addition, while the long- 
range economic interests of mining and 
timber industries are clearly affected, 
the areas concerned are empty, and the 
opposition could call upon no constitu- 
ency that would be aroused by the pros- 
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pect of the federal government blocking 
economic development. 

The issue of economic effects was 
considerably befogged during the Sen- 
ate hearings and debates by mining and 
timber interests which contended that 
the wilderness system would have a 
harmful effect on employment in the 
West. The fact, however, is that there is 
no lumbering at present on the lands in- 
volved, and only eight mining opera- 
tions are under way, all of which would 
be permitted to continue. Cattlemen for 
a time showed some opposition to the 
bill, but their interest waned when it 
was stipulated that the relatively little 
grazing now permitted in wilderness 
areas would be allowed to continue. 

With the rush under way to end the 
current session, the House is not ex- 
pected to act on a similar bill this year. 
Its Committee on Interior and Insular 
Affairs, however, is considering hear- 
ings sometime before the start of the 
next session.—D.S.G. 


Overhead Allowance Unchanged 


A Senate-House conference last week 
voted against raising the 15 percent 
overhead allowance in research grants 
and contracts awarded to universities 
by the Department of Health, Educa- 
tion, and Welfare. The conference 
action settles the matter for the cur- 
rent session of Congress. 

As in past years, the Senate Ap- 
propriations Committee recognized the 
pleas of university spokesmen and voted 
for 100-percent payment of overhead 
costs. However, the House Appropria- 
tions Committee has never been recep- 
tive to an upward revision of the allow- 
ance. A principal source of opposition 
has been Rep. John E. Fogarty, the 
Rhode Island Democrat who is chair- 
man of the Appropriations subcommit- 
tee that passes on funds for HEW. 

It is Fogarty’s view that since the 
government provides 100 percent of the 
direct costs on HEW research grants 
and contracts, the recipients are not 
unfairly burdened by the requirement 
that they meet part of the indirect, or 
overhead, costs. Direct costs include 
salaries, equipment, and supplies, which 
are easily visible items_in any project, 
while the indirect costs are in the less 
obvious, but still burdensome, cate- 
gories of maintenance, depreciation, 
library services, and physical space in 
university buildings. 

At hearings last April, Randall M. 
15 SEPTEMBER 1961 


Whaley, vice president for graduate 
studies and research at Wayne State 
University, told Fogarty’s committee 
that some of Wayne State’s depart- 
ments were declining HEW grants and 
contracts because of the limitation on 
overhead cost payments. The commit- 
tee was also told that the average of 
overhead costs at 50 small institutions 
was 42 percent of project costs, while 
at 10 larger ones it was 34 percent. And 
it was pointed out that a formula sug- 
gested by the Bureau of the Budget pro- 
vides for overhead allowances con- 
siderably higher than 15 percent. 

Fogarty, however, feels that the 
limitation cannot be a serious drawback 
in view of what he regards as general 
receptivity among universities to ac- 
cept research funds from HEW. 

The Administration came out in 
favor of the government meeting full 
overhead costs, but it did not convey 
to the conferees any sense of great con- 
cern about the problem. Its budget re- 
quest of $2 million for higher payments 
would provide an increase of less than 
1 percent. 


School Aid Maneuvering 


Senate backers of the President’s 
school aid program failed this week 
in an attempt to use fragments sal- 
vaged from the defeated Administra- 
tion bill as a wedge for reopening the 
fight next year. Their efforts were di- 
rected at limiting renewal of aid to 
impacted areas to just 1 year, which 
would have assured the issue of fed- 
eral aid a place on next year’s con- 
gressional agenda. 

The politically-popular impacted aid 
program, which the House renewed 
last week for 2 years, provides assist- 
ance for school districts whose en- 
rollments are increased by federal 
activities. The ease with which it has 
been passed previously led the Ad- 
ministration to tie it into the omnibus 
education bill as a lure for votes, and 
when that bill met defeat, to propose 
that impacted aid should be restricted 
to 1 year to serve as a vehicle for 
renewing the fight next year. The 
need for such a vehicle was deemed 
especially important because of con- 
siderable sentiment, especially in the 
House, against reopening the school- 
aid battle in an election year. Despite 
a last-minute personal plea from 
President Kennedy, the Senate voted 
45 to 40 for a 1-year renewal. 


Announcements 





A 5-year experimental program to 
determine the part cholesterol plays in 
heart disease will begin this fall in Bos- 
ton, Baltimore, Chicago, Minneapolis, 
and Oakland (Calif.). The National 
Heart Institute will choose 250 males in 
each city to participate in 6- to 12- 
month pilot studies. The program is 
expected to involve as many as 400,000 
Americans before its completion. 


A technical review of the nation’s 
space-flight effort will be presented from 
9 to 15 October in New York. The 
meeting, sponsored by the American 
Rocket Society, will consist of sessions 
of technical papers outlining work in 
the rocket, missile, and space-flight 
fields; panel discussions on space ve- 
hicles, space missions, and the global 
aspects of space flight; an exhibition, 
open to the public; and evening pro- 
grams (probably to be televised na- 
tionally) which will review the complete 
U.S. and U.S.S.R. space programs. 
(Roderick L. Hohl, American Rocket 
Society, 500 Fifth Ave., New York 36, 
N.Y.) 


A list of 679 paperbound science 
books, recommended for high school 
students, college undergraduates, teach- 
ers, and the educated general public, is 
contained in the Sth annual edition of 
An Inexpensive Science Library. The 
new edition consists of a selected list of 
books recommended in former editions, 
older books overlooked in previous edi- 
tions, and newer books available in the 
United States up to 31 July 1961. The 
catalog, published by the AAAS’s Sci- 
ence Library Program administered un- 
der a grant from the National Science 
Foundation, also contains title and au- 
thor indexes, names and addresses of 
publishers, and a list of dealers in pa- 
perbound books. (AAAS Publications, 
1515 Massachusetts Ave., NW, Wash- 
ington 5, D.C. $0.25) 


An article on the ecology of space 
flight, translated from a recent issue of 
the U.S.S.R.’s Physiology Journal, com- 
plains that Western scientists have 
given little attention “to the interrela- 
tionships of the [astronaut’s] basic nerv- 
ous processes.” Citing the results of 
U.S. isolation tests, the article concludes 
that the U.S. experiments suppress 
“social reflexes” and the astronaut’s 
“awareness of danger” and fail to make 
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any fundamental contribution to the 
theory and practice of space medicine. 
(Office of Technical Services, U.S. De- 
partment of Commerce, Washington 
25, D.C. Order No. 61-31491. $0.50) 


Courses 


The fifth advanced course in the 
principles of radiation protection will 
be held at the Harwell Reactor School 
(England) from 25 October 1961 to 
30 January 1962. The course is intend- 
ed for graduates or persons of gradu- 
ate standard who are planning to en- 
ter, or are presently working in, the 
field of radiological health and safety. 
Previous specialized knowledge is not 
required. Tuition: £250. (Manager, 
Reactor School, Atomic Energy Re- 
search Establishment, Harwell, Berk- 


shire) 
The second winter institute in 
quantum chemistry and _ solid state 


physics, to be held at the University 
of Florida, will consist of a prepara- 
tory week from 4 to 9 December; an 
introductory course from 11 to 30 
December; and an advanced course 
from 2 to 13 January 1962. The pro- 
gram is arranged in collaboration with 
the University of Uppsala (Sweden), 
through the support of the National 
Science Foundation. Priority for ad- 
mission and for the limited number 
of stipends available will be given 
those who apply before 10 November. 
(Director, Winter Institute, Depart- 
ment of Chemistry, University of 
Florida, Gainesville) 


Grants, Fellowships, and Awards 


A medical TV travel grant is avail- 
able to a medical or dental school, not 
presently using television, which wishes 
to send a representative to visit an estab- 
lished health-science TV_ installation. 
Applications for the grant, made avail- 
able by Blonder-Tongue Laboratories, 
must include the name and position of 
the designated representative and an 
outline of any specific plans for use of 
TV. Deadline: 37 October. (Council on 
Medical Television, 33 E. 68 St., New 
York) 


Applications are now being accepted 
for the 1962-63 Lederle Medical 
Faculty awards, intended only for in- 
dividuals who are working in and con- 
templating further full-time academic 
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careers in preclinical or certain clinical 
departments of medical schools. Recipi- 
ents must hold the rank of instructor or 
assistant professor, or their equivalent, 
and are expected to enter fully into all 
departmental activities. The awards are 
not intended as research fellowships. 
Nominations must be endorsed by both 
the dean of the medical school and the 
administrative head of the sponsoring 
department. Deadline: 20 October. 
(Lederle Medical Faculty Awards, Office 
of the Secretary, Pearl River, N.Y.) 


Meeting Notes 


The fourth annual conference on 
science and technology in Israel and 
the Middle East, sponsored by the 
American Society for Technion, will 
be held in New York on 14 and 15 
October. (Bern Dibner, AST, Israel 
Institute of Technology, 1000 Fifth 
Ave., New York 28) 


The 4th International Congress of 
allergology will be held from 15 to 
20 October in New York. Papers may 
be presented in English, French, Ger- 
man, or Spanish, and will be simul- 
taneously translated into the other 
official languages of the congress. (W. 
B. Sherman, Roosevelt Hospital, 428 
W. 59 St., New York 19) 


African education, science, culture, 
and communication are the main topics 
to be covered at the 8th national con- 
ference of the U.S. National Commis- 
sion for UNESCO. The conference, to 
be held in Boston from 22 to 26 Octo- 
ber, will be attended by over 50 African 
leaders and educators, in addition to 
representatives of national organiza- 
tions. (Eugene Sochor, U.S. National 
Commission for UNESCO, Department 
of State, Washington 25, D.C.) 


A 2-day meeting on psychoanalytic 
education will be held in New York on 
9 and 10 December 1961. (Joseph H. 
Merin, Academy of Psychoanalysis, 
125 E. 65 St., New York) 


A symposium on cystic fibrosis will 
be held on 9 October at the New York 
Academy of Sciences. The proceedings, 
papers, and discussion of the meeting, 
sponsored jointly by the academy and 
the National Cystic Fibrosis Research 
Foundation, will be published as a spe- 
cial issue of the Annals of the New 
York Academy of Sciences. (NCFRF, 
521 Fifth Ave., New York 17) 





Scientists in the News 


The following awards will be pre- 
sented during the fall meeting of the 
American Institute of Electrical Engi- 
neers, to be held from 15 to 20 October 
in Detroit: 

George F. Corcoran, of the Univer- 
sity of Maryland, will receive the Elec- 
trical Engineering Education medal. 

Samuel B. Griscom, of the Westing- 
house Electric Corp., will receive the 
William M. Habirshaw award for his 
work in electric utility engineering. 

Theodore A. Rich, of General Elec- 
tric Company’s Engineering Labora- 
tories, will receive the Morris E. Leeds 
award for his work in measurement. 

Harry Nyquist, retired Bell Tele- 
phone Laboratories engineer, will re- 
ceive the Mervin J. Kelly award for his 
work in communication and control 
theories. 


Charles H. Townes, a member of the : 


U.S. Air Force Scientific Advisory 
Board, on leave from Columbia Univer- 
sity, will receive the David Sarnoff 
award for his work in resonance physics. 


Klaus Schwarz, head of the section 
on experimental liver diseases at the 
National Institute of Arthritis and 
Metabolic Diseases, has received the 
1961 Borden award for “outstanding 
work in nutrition as it relates to milk 
or its constituents.” The award is pre- 
sented annually by the American In- 
stitute of Nutrition. 


Joseph L. Gillson, retired chief ge- 
ologist of the DuPont Company, has 
been named the first William Otis Cros- 
by lecturer at Massachusetts Institute 
of Technology for the 1961-62 aca- 
demic year. 


R. Ruggles Gates, emeritus profes- 
sor of botany at the University of 
London will spend 6 months as visit- 
ing professor at the Indian Statistical 
Institute in Calcutta. 


John P. Howe, former research di- 
rector at Atomics International, a divi- 
sion of North American Aviation, Inc., 
has been appointed professor of engi- 
neering at Cornell University. 


William D. Neff, former professor 
of psychology and physiology at the 
University of Chicago, has _ been 
named director of the newly estab- 
lished psychophysiology department at 
Bolt Beranek and Newman, Inc., 
Cambridge, Mass. 


SCIENCE, VOL. 134 





BOC 


Kre 
cult 
an | 
of 

mo: 
fror 
mat 
cha 
are 
tori 


Hill 
unti 
edit 


alre 
eral 
olo; 
con 
wid 
sigt 
syn 


res 
bri 
ture 
int 
and 
tior 





re- 


1gi- 
ber 


/er- 
lec- 


ng- 
the 

his 
lec- 
ra- 
eds 


ele- 


his 
trol 


the 


Ory 
ver- 
noff 
ics. 


tion 
the 
and 
the 
ling 
nilk 
pre- 
In- 


ge- 
has 
ros- 
tute 
aca- 


fes- 

of 
risit- 
tical 


divi- 
[nc., 
ngi- 


‘SSOr 

the 
been 
stab- 
it at 
Inc., 


u. 134 








BOOK REVIEWS 





Man’s Circuitous Route 


to the Modern World 


Mankind, endlessly restless, moves into 
and out of phases of civilization. 


The late anthropologist, Alfred 
Kroeber, in discussing the formation of 
cultures once wrote “Every culture is 
an accretion. . . . It is the end product 
of a long series of events occurring 
mostly in other cultures, accidents 
from its own point of view, but ulti- 
mately of influence upon it.” The me- 
chanics of such cultural development 
are admirably illustrated by the 13 pic- 
torial chapters and essays presented in 
The Dawn of Civilization (McGraw- 
Hill, New York, 1961. 404 pp. $23.50, 
until 15 March 1962; then, $28.50), 
edited by Stuart Piggott. 

Some of the contributing authors are 
already well known to readers of gen- 
eral works in the field of art and arche- 
ology by virtue of their own masterly 
contributions to that field; others, less 
widely known perhaps, now make a 
significant contribution through their 
synopses of regions hitherto neglected 
in Western literature. The combined 
result of these talents is a book which 
brings the prehistory of the major cul- 
tures of the Old World, in particular, 
into fresh focus for the general reader 
and which provides a broad orienta- 
tion for the student and the teacher as 
well. 

The format of this volume was in- 
spired by a series of articles entitled 
“The Epic of Man” which appeared in 
Life magazine during 1955 and 1956. 
Greater coverage and much additional 
illustrative -material in color and in 
black and white leads the reader 
through a logical progression in time 
and space: The hunters and gatherers 
of the Stone Age (Grahame Clark); 
The beginning of village and urban life 
(James Mellaart); Mesopotamia and 
Iran (M. E. L. Mallowan); Ancient 
Egypt (Cyril Aldred); The sea peoples 
of the Levant (William Culican); The 


15 SEPTEMBER 1961 


Robert H. Dyson, Jr. 


early settlement of Anatolia (Seton 
Lloyd); The. Aegean before the Greeks 
(M. S. F. Hood); Ancient India (Sir 
Mortimer Wheeler); China (William 
Watson); The diverse traditions of 
South East Asia (Anthony Christie); 
The nomad peoples of the steppes (E. 
D. Phillips); Barbarian Europe (T. G. 
E. Powell); and The birth and growth 
of New World civilization (G. H. S. 
Bushnell). An excellent introduction 
and an epilogue are provided by Stuart 
Piggott, the editor, along with a se- 
lected bibliography for each chapter 
and a list of the sources for the illus- 
trations. Each chapter is introduced by 
a map of the area to be discussed and, 
where practical, by a comparative 
chronological chart of the cultures of 
related areas. The subtitle of the book, 
“The first world survey of human cul- 
tures in early times,” promises some- 
what more than is actually covered, 
since Africa outside Egypt is largely 
omitted, while the complexities of 
archeology in the New World are re- 
duced to a single chapter. Nonetheless, 
through the inclusion of the cultural 
history of such areas as South East 
Asia, Central Asia, and Europe, the 
major centers of the Old World (Egypt, 
Sumer, the Indus, and China) are 
brought into relationship with one an- 
other and with their hinterlands in a 
way which, for once and for all, should 
show the inadequacy of the standard 
compartmental approach to ancient 
history. 

The ebb and flow of thought and 
form between the areas described is 
constantly. stressed in the selection of 
the many excellent colored plates and 
in the text: Sumerian cylinder seals 
appear in Egypt before 3000 B.c.; In- 
dus valley script occurs on seals in 
Sumer around 2300 bB.c.; socketed 


bronze celts are shared by southern Si- 
beria and Shang China by 1200 B.c.; a 
Roman lamp turns up in Thailand 
in the 3rd century A.D., and so on. 
Mostly, such objects are trade items 
marking the route of more perishable 
goods carried by traveling merchants. 
With them moved a growing wealth of 
ideas and an increasing knowledge of 
the world at large. The process of 
shrinkage of the world, so visibly ac- 
celerating in the present day, had al- 
ready begun. 

The vast data of the study of pre- 
history are made logical and intelligible 
through a judicious choice of photo- 
graphs, artists’ reconstructions, and the 
chronological ordering of cultures with- 
in a geographical framework. At the 
same time the strangeness of the names, 
the condensed nature of the informa- 
tion, and its quantity will not make 
light or easy reading for the average 
reader. Perseverance on his part will, 
however, reap a rich reward in the gen- 
eral understanding of the circuitous 
route by which man has reached the 
modern world. Reading about this sub- 
ject is made easier by the self-contained 
nature of each chapter; one is enabled 
to deal with the book a piece at a time 
without loss of comprehension. Each 
chapter presents the most recent evalu- 
ation of the problems it contains, as set 
forth by its particular author. The book 
as a whole, therefore, is an excellent 
introductory text, while at the same 
time it forms a major reference point 
for scholars. Each author has, of 
course, a different background, and as 
these backgrounds shift from anthro- 
pology to art history or ancient history, 
there is a corresponding shift of em- 
phasis in the text. The editor, Stuart 
Piggoti, is to be congratulated on hold- 
ing these differences to a minimum. As 
a consequence he has produced a reli- 
able and instructive text by virtue of 
having had an authority write each 
chapter, while maintaining a common 
standard for style and presentation 
which provides an over-all unity. 

Much of this book would have been 
difficult, if not impossible, to write at 
the end of World War II. The fact that 
it has now been published is a measure 
of the progress which our study of 
mankind has made during these last 
years. Temporally, our horizons have 
been pushed farther and farther back 
by the remarkable fossil discoveries in 
Africa—the antiquity of man the tool- 





The author is assistant curator of the Near 
East Section at the Universiy Museum, Univer- 
sity of Pennsylvania. 
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Fig. 1. Development of the alphabet. Diagram shows how aleph (an ox), beth (a house), and nun or nahas (a snake), evolved into 
the letters A, B, and N of our alphabet. [From Dawn of Civilization] 


maker being perhaps more than twice 
as great as previously estimated, accord- 
ing to the latest atomic dating. Equally 
important, the beginnings of food pro- 
duction now appear to be two or three 
thousand years older than anyone 
would have dared to suggest 20 years 
ago. Spatial lacunae are also being 
filled, with the gradual application of 
modern excavation methods to India 
south of the Indus, Oceania, and so on. 
The continuing refinement of the es- 
tablished archeological yardsticks in 
major centers like the Indus, the north 
China plain, and the Near East allow 
the gradual integration of data from 
more marginal regions like central 
India, south China, and central Asia 
into the known picture. The result is 
the emergence of a view of the conti- 
nental land mass of Eurasia as a func- 
tioning whole where events in one area 
lead to events in another. Indo-Euro- 
peans migrate from the Caucasus 
through Iran into India, changing the 
course of civilizations of the second 
and first millennia B.c. drastically; no- 
mads ‘flee the borders of an expanding 
Han China only to storm the frontiers 
of a belligerent Roman empire; Indo- 
nesians settle in Madagascar, bringing 
South East Asia to Africa. Mankind, 
endlessly restless for a multitude of 
reasons, is seen constantly on the move 
from place to place as well as into and 
out of phases of civilization. 


Civilization Defined 


The use of that word “civilization” 
brings to mind the title of the book and 
leads one to ask just what it is that is 
“dawning.” For an answer we may turn 
to Piggott’s introduction. “In this 
book,” he says, “ ‘civilization’ is used 
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to mean a society which has worked 
out a solution to the problem of living 
in a relatively large permanent com- 
munity, at a level of technological and 
social development above that of the 
hunting band, the family farmstead, 
the rustic self-sufficient village or the 
pastoral tribe. Civilization is something 
artificial and man-made, the result of 
making tools of increasing complexity 
in response to the enlarging concepts of 
community life evolving in men’s 
minds” (page 11). Equally succinct is 
Wheeler’s statement in the chapter on 
the Indus: “Civilization, in a minimum 
sense of the term, is the art of living 
in towns, with all that the condition 
implies in respect of social skills and 
discipline. . . . More particularly, it is 
held to include a systematic method of 
accounting, so that revenue and wages 
may be adequately registered, and or- 
derly government ensured. Writing, in 
some form or other is on this view a 
pre-supposition” (page 243). And he 
adds a comment to the effect that writ- 
ing should not be overemphasized to 
the detriment of the achievement of 
nonliterate peoples. (After all, most of 
the great technological discoveries in 
the periods covered occurred before 
the invention of writing: grinding and 
polishing of stone; pottery; the wheel; 
domestication of plants and animals; 
the use of copper, gold, and lead; boats 
and the sail; brick architecture; spin- 
ning and weaving; and so on.) As a 
means of making “civilization” objec- 
tive for archeological purposes, the use 
of the appearance of writing in con- 
junction with the remains of urban liv- 
ing is convenient. By admitting writing 
as a major criterion of civilization 
archeologists follow the lead of the 
19th century anthropologists Tylor and 
Morgan, who originally proposed it as 


the basis for differentiating an earlier 
stage of “Barbarism” from a later stage 
of “Civilization.” The importance and 


connection of writing with urban life | 


in its early stages is made more ex- 
plicit by Mallowan in discussing Meso- 
potamia. “Trade, the organization of 
labor, sustenance of the people, culti- 
vation of the land, required an elabo- 
rate social organization and a bureauc- 
racy capable of maintaining records of 
its transactions. The necessity of estab- 
lishing title to property, close supervi- 
sion over the distribution of goods, the 
care of rations for all kinds of workers 
employed by the state could not have 
been systematically organized in these 
expanded communities without the aid 
of written records. The invention of 
writing was therefore indispensable to 
the concentration of life in cities” (page 
83). The uses to which writing was 
put, who understood the writing and 
had access to it, and how it evolved 
are long stories in themselves. From 
the first pictographic signs (see Fig. 1) 
through intermediate scripts to the al- 
phabet was a period of nearly 2000 
years; from the first pictographic in- 
ventories to known connected historical 
records was a matter of nearly 1000 
years; while universal literacy is a goal 
toward which the world still struggles, 
some five millennia later. 

The operational: definition of “civili- 
zation” adopted by archeologists (ur- 
ban existence plus writing) pinpoints 
a specific time and place where “civili- 
zation” first occurred; namely, in the 
Uruk period in southern Mesopotamia, 
just prior to 3000 B.c. Significantly, 
the primitive condition of writing leaves 
us uninformed as to the ideological 
content of the culture at this important 
moment. The full light of history fol- 
lows quickly, however, as does the 
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birth in quick succession of civilization 
in Egypt, India, and China. The sharp 
contrast between the precivilized and 
the civilized worlds from our vantage 
point is neatly drawn by Seton Lloyd. 
“The clear historical character of this 
later period, the evidence of political 
development and religious thought, the 
sequence of royal names and the, battles 
or treaties associated with them, all 
serve by contrast to emphasize the drab 
impersonality of the ‘archaeological’ 
ages which preceded it, where the bi- 
ography of a nation can be written 
only in terms of broken pottery and 
the discarded belongings of its most 
humble artisans. Yet, even in this ob- 
scure half-light of ‘material cultures’ 
and ‘racial criteria’, . . . brief moments 
of illumination do intermittently oc- 
cur” (page 185). 


Iiluminating, Brief Moments 


The pictorial parts of The Dawn of 
Civilization provide an assemblage of 
many such “brief moments of illumi- 
nation” in our knowledge. The sum 
total of the 940 illustrations underlines 
the astonishing richness of the human 
imagination, faced with a multitude of 
environments and varying amounts of 
knowledge, in its ability to represent in 
material form the world of reality as 
well as the equally important world of 
dreams. Most philosophers would prob- 
ably agree that while the birth of civili- 
zation is important, the birth of imagi- 
nation and the consequent world of 
thought is even more fundamental to 
the human condition. Regretfully, the 
early stages of this obviously rich land- 
scape of the mind are largely lost to us. 
Yet, even so, from the multitude and 
complexity of the objects set before us 
in this volume something of its quality 
and meaning may be inferred. The 
anthropologist, Loren Eiseley, describes 
this “dream world” in one of _ his 
essays. “It was a weird multiheaded 
universe, going on, unseen and imma- 
terial save as its thoughts smoldered in 
the eyes of hunters huddled by night 
fires, or were translated into pictures 
upon cave walls, or were expressed in 
the trappings of myth -or ritual. The 
Eden of the eternal present that the 
animal world had known for ages was 
shattered. . Through the human 
mind, time and darkness, good and 
evil, would enter and possess the 
world.” 
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Earth’s Yesterday 


History of the Earth. An introduction 
to historical geology. Bernhard Kum- 
mel. Freeman, San Francisco, Calif., 
1961. xiv + 610 pp. Illus. $8.75. 


Has the geology instructor ever been 
confronted by so many new textbooks 
on historical geology? Moore’s Intro- 
duction to Historical Geology (1958), 
the veteran among the five, is still valu- 
able. Distribution maps, correlation 
charts, the wealth of photographs and 
diagrams, and the mature treatment of 
the material make it a good classroom 
and a good reference book. To my 
mind, Dunbar’s Historical Geology 
(1960) is too simple and easy, largely 
because it avoids the interesting prob- 
lems. Stokes’ Essentials of Earth His- 
tory (1960) is very strong on the or- 
ganic side, with excellent chapters on 
evolution, migration, and similar sub- 
jects. Clark and Stearn’s Geological 
Evolution of North America (1960) is 
the first truly regional text published 
in some 30 years; the diagrams alone 
make it tempting. 

As a traditional text, Kummel’s book 
has unusually full introductory chap- 
ters as well as an excellent treatment 
of the Paleozoic, Mesozoic, and Ceno- 
zoic eras of North America and of the 
life of those eras. But what is new and 
different in Kummel? 

This is the first textbook to give the 
history of all continents, rather than 
just that of North America. Now we 
have an over-all view. No longer are 
we trapped in the Appalachian geosyn- 
cline—we see what is happening at the 
same time in other parts of the world. 
Nor are we misled into thinking that 
the Triassic is all red and nonmarine; 
Tethyan history is enlightening. The 
Cenozoic of the Alps, the Himalayas, 
and the Philippines is treated briefly 
but exceedingly well. These chapters 
are valuable both for current study and 
for permanent reference. 

Also completely new is the chapter 
“Gondwana _ formations.” Discussion 
ranges widely, from rock type to glaci- 
ation, from Glossopteris flora to paleo- 
magnetism. The chapter is a marvel of 
condensation and completeness and an 
outstanding example of what a “prob- 
lem chapter” should be. 

Throughout the text the unifying 
theme is “evolution and interrelations 
of mobile and immobile belts.” Local 
detail is held to a bare minimum, and 


attention is focused first on geosyn- 
clines and then on stable areas. This is 
not new, but it is clearly and consist- 
ently worked out. 

Also, the author has brought in a 
wealth of new material or has revital- 
ized the familiar. Examples are: the 
history of the ammonoids (pages 215-— 
16 and 287-92); geographic range of 
fossil reefs (pages 296-97); Pleisto- 
cene climates (pages 468-78); and the 
extended account of the evolution of 
man (pages 483-505). 

Not everything in the book meets 
with my approval. I think the author 
has gone completely overboard in 
favor of “tectonism”; I wonder why 
there are eugeosynclines on only the 
maps of North America. I regret that 
we are told nothing about the “how” 
of oil in the Middle East. Also, the 
next edition must have more extensive 
bibliographies, especially for students. 
I can find out what “G. G. Simpson, 
1953” refers to (in Fig. 14-36, page 
465), but a first-year student, or even 
a more advanced one, needs encourage- 
ment to look up anything. 

Which book to choose? If you are 
already using a familiar, straightfor- 
ward text, without complications, you 
may want to stick to it. If you want a 
challenging, somewhat difficult text, 
one that everywhere shows the intelli- 
gence and learning of its author, a 
complex book with many facets, then 
you must consider Kummel’s volume. 

LINCOLN DRYDEN 
Department of Geology, 
Bryn Mawr College 


Sherborn’s Index Extended 


An Index to the Genera and Species of 
the Foraminifera, 1890-1950. George 
Vanderbilt Foundation, Stanford Uni- 
versity, Stanford, Calif., 1961. 393 
pp. $10; unbound, $9. 


This volume, which is similar in style 
to the annual indexes published by Hans 
Thalmann for many years, provides stu- 
dents of the Foraminifera with an inval- 
uable tool, for it covers all newly pro- 
posed generic and specific names that 
appeared in the literature between 1890 
and 1950. 

In 1955 the Smithsonian Institution 
reprinted Charles Davies Sherborn’s An 
Index to the Genera and Species of the 
Foraminifera. Sherborn’s volume, long 
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out of print and difficult to find, covered 
the genera and _ species described 
through 1889, but the lack of complete 
coverage of the literature published 
after 1890 remained a serious handicap 
for workers in the field. Students of 
Foraminifera now owe a debt of grati- 
tude to Thalmann for continuing the 
earlier work of Sherborn and complet- 
ing an index of genera and species for 
the 60-year period 1890 through 1950 
and to the George Vanderbilt Founda- 
tion (Stanford University) for under- 
taking publication of the important 
volume. The index is published in an 
attractive, well-printed, double-column, 
quarto volume. The following data are 
given for generic names: reference, type 
species, family assignment, and geologic 
age; for species: reference, geologic 
age, and area from which described. 
The generic and specific names are 
printed in boldface type. Some refer- 
ences for years prior to 1890 are given 
when they were not included in the 
Sherborn index. 

Complete coverage of the well-scat- 
tered literature on Foraminifera pub- 
lished through 1950 is now available. 

ALFRED R. LOEBLICH, JR. 
California Research Corporation, 
La Habra, California 


Selected Overview 


Recent Advances in Human Genetics. 
L. S. Penrose, Ed. Little, Brown, 
Boston, Mass., 1961. 194 pp. Illus. 
+ plates. $8. 


In a field developing as rapidly as 
human genetics, it would be impossible 
to handle all recent advances adequate- 
ly in one volume. As an alternative, 
Penrose has chosen to select eight spe- 
cific areas for careful treatment. His 
choice is excellent, and the style of writ- 
ing is surprisingly uniform for a book 
with several contributors. The volume 
as a whole can be described as illustra- 
tive and concise, rather than as exhaus- 
tive and detailed. 

Each chapter presents an overview 
of a specific problem, with comments 
about its historical development and the 
proper use of relevant terms. Significant 
principles are stated clearly and illus- 
trated well. Some of the most recent 
findings are summarized, and the nature 
of current research problems is indi- 
cated. 
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Readers interested in clinical implica- 
tions of genetics will appreciate Harn- 
den’s discussion of techniques and 
results in chromosome studies and the 
review of normal and abnormal sex 
differentiation by Miller. Penrose points 
out that birth weight can be studied 
profitably from the statistical and genet- 
ical points of view, and he also reviews 
the interaction of genetic and environ- 
mental factors in congenital malforma- 
tions. Topics in human _ biochemical 
genetics are deliberately omitted in 
view of their adequate treatment else- 
where. 

Statistical methods and theory are 
discussed by Smith, with an emphasis on 
procedures for analyzing genetic ratios, 
gene frequencies, and segregation ratios. 
Renwick presents a very clear review 
of methods and results in the study of 
linkage. At present only three autosomal 
linkages can be accepted with confi- 
dence, and only color-blindness loci are 
generally useful as sex-linked markers. 
Penrose outlines assumptions and pro- 
cedures used in estimating mutation 
rates and stresses sources of bias which 
can lead to exaggerated values. Analysis 
of fingerprint patterns (discussed by 
Holt) reveals the strong effect of hered- 
ity upon pattern size and provides an 
interesting model for the study of quan- 
titative traits in man. 

Gerald’s survey of abnormal hemo- 
globins has clinical implications, but it 
also highlights some insights and puzzles 
concerning the genetic determination 
of complex protein structure. Both 
qualitative and quantitative alterations 
in hemoglobin synthesis are described, 
and genetic interrelationships among 
the variants are interpreted. Other im- 
plications for understanding gene struc- 
ture and action are included in the 
chapters on mutation, chromosomes, 
and linkage. 

This book should appeal to a wide 
variety of readers. Interested laymen 
and scientists in fields other than genet- 
ics will find it a readable and authorita- 
tive starting point for understanding the 
topics discussed. Graduate and medical 
students and physicians will profit from 
the clear statement of basic principles 
and assumptions, as well as from the 
review of current techniques. For those 
who wish further details, there is a list 
of over 500 references (about half are 
later than 1955). 

V. ELVING ANDERSON 
Dight Institute, 
University of Minnesota 





On Science and the Sciéntist 


Atoms and Men. Louis Leprince- 
Ringuet. University of Chicago Press, 
Chicago, Ill., 1961. 118 pp. $3. 


The title page describes this book as 
a “translation,” but it nowhere appears 
whether this is a translation of a book 
originally published in France, or 
whether we have here a translation 
made directly from an original French 
manuscript. 

The author is director of the labora- 
tory at the Ecole des Hautes Etudes 
and is an atomic energy commissioner 
of France. The book is primarily ad- 
dressed to the Frenchman who has sud- 
denly become aware (and who is dis- 
turbed by all the implications of this 
awareness) that an absolute condition 
for the greatness or even the survival 
of a modern nation is that the nation 
take its place among the nuclear powers. 
One section is entitled “Can France 
Stage a Comeback?” The Frenchman 
has to take account of two different sorts 
of things, if he is to understand the im- 
plications of becoming a nuclear power. 
He must understand, as far as possible, 
the factual scientific background, and 
he must also understand what manner 
of man the scientist is to whom the 
destinies of his country will have to be 
increasingly entrusted. The author tries 
to accomplish both these ends by a 
popular, almost chatty, method of ap- 
proach. It is somewhat surprising that 
nowhere in the book is there any ex- 
plicit mention of the recent French de- 
cision to construct their own atomic 
bomb. 

The translation reads smoothly 
enough, but one cannot help question- 
ing the technical competence of the 
translator, when confronted with a pas- 
sage like this (page 103): “It [uranium] 
is extremely thick.” The context does 
not indicate whether “thick” means 
density or atomic weight. One’s con- 
fidence in the technical competence of 
the author himself is somewhat shaken 
when confronted by: “We know, of 
course, that one can ascertain the mass 
of a marble or projectile by throwing 
it at a certain speed and then spotting 
the place where it falls” (page 6). And 
one does not know whether to question 
the technical competence of the author 
or of the translator when confronted 
by: “The piles of projectiles for an ac- 
celerator called a bevatron were ready” 
(page 24). One can only wonder to 
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what extent the author had his tongue 
in his cheek throughout the entire book, 
in view of his remark on page 31: “But 
make no mistake; one can quite readily 
become an excellent physicist even if 
one’s intellectual faculties are not high- 
ly developed.” 

The final chapter, “The atomic sci- 
entist and the believer,” seems quite 
uncalled for and has no apparent con- 
nection with the rest. One wonders 
whether there is in France an intransi- 
gent core of fundamentalists who have 
to be appeased in some way. 

All in all, in spite of its lively style 
and not infrequent flashes of insight, 
the book leaves an unpleasant taste. 

P. W. BRIDGMAN* 
Department of Physics, 
Harvard University 


*The author died on 20 August. 


Birds, Bees, and Good Society 


Communication among Social Bees. 
Martin Lindauer. Harvard University 
Press, Cambridge, Mass., 1961. 143 
pp. Illus. $4.75. 

The Herring Gull’s World. Niko Tin- 
bergen. Basic Books, New York, ed. 
2, 1961. 255 pp. Illus. $5. 


These books are about similar sub- 
jects, and you can more than double 
your enjoyment by reading them one 
after the other, for then there is the 
added pleasure of contrasting both the 
authors and their favorite animals. 

Lindauer was a student of Karl von 
Frisch. And this book carries further 
the studies summarized in von Frisch's 
wonderful Bees: Their Vision, Chemi- 
cal Senses, and Language. Lindauer con- 
tinues by asking specific questions about 
the society of the honeybees. First he 
asks how the work is divided among the 
inhabitants of the hive. He approached 
the question by watching individual 
bees, night and day, with stop watch in 
hand, until he had a detailed time-mo- 
tion study. Bee No. 107, observed for 
i77 hours,:spent all of 69 hours and 
53 minutes just loafing. Between rests, 
she frequently strolled through the hive, 
not aimlessly it seems, but on patrol to 
see which chores—cell cleaning, brood 
tending, guarding, and the like—needed 
doing. In the hive, labor is organized 
by the workers coming across some- 
thing that has to be done and then doing 
it, not by directives from above. 
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Lindauer goes on to consider com- 
munication among the bees. In the heat 
of summer, the bees cool the hive, as 
much as 35° centigrade, by sprinkling 
water over the brood cells. Water is 
fetched to the hive by the older, for- 
aging bees. The number of trips made 
by the foragers is determined by how 
quickly the hive bees take the water 
load. This relationship is demonstrated 
on a graph in which the number of col- 
lecting flights is plotted as a function of 
the time taken to deliver the water load. 
When the delivery time is less than 40 
seconds, the foragers also give an “alert- 
ing” dance, to recruit others to the work. 
This kind of careful measurement is the 
mark of von Frisch passed on to his 
student. 

Next Lindauer asks how a swarm of 
bees selects a new site for a hive. It 
turns out that the scouts report by means 
of a dance which shows the direction, 
the distance, and the quality of a pro- 
posed site. The swarm remains, for days 
if necessary, in temporary quarters until 
the scouts reach a consensus on the best 
possibility, then the whole swarm moves 
off to the new site. These are just sam- 
ples of the book’s contents. Lindauer 
also discusses the evolution of com- 
munication in honeybees, which he 
studied by observing other species of 
bees, and some of the sensory and com- 
putational problems involved in using 
the sun as a reference point for the well- 
known food collecting dances. One 
fascinating discovery is that bees which 
have been raised in a cellar under 
artificial light need to practice for some 
days before they can navigate by the 
sun. They must learn how the sun 
moves. But after seeing the arc of the 
sun only in the afternoon, they can 
navigate in the morning on the first try. 

Tinbergen’s book has a broader goal. 
For years he watched with infinite, 
patient care the day-to-day life of the 
herring gull. His aim was to under- 
stand the significance of every move- 
ment and of every call and to see how 
the somewhat rudimentary society of 
the gullery is organized. Tinbergen’s 
conclusions are drawn mostly from 
field notes; the relatively few experi- 
ments reported here were also discussed 
in his Study of Instinct. The focus of 
Herring Gull’s World is not on the ex- 
perimental analysis of behavior; the 
volume is, in the finest sense, a work of 
natural history. He pays particular at- 
tention to reproduction and rearing of 
the young, from the first arrival at the 


gullery, the establishment and defense 
of the territories, pair formation, in- 
cubation, and the feeding and _ be- 
havioral development of the chicks. The 
present book is a slightly revised edition 
of the work first published in 1953. 

These books by Tinbergen and Lin- 
dauer are clearly separated by aspira- 
tion and by method. Undoubtedly Lin- 
dauer’s approach is more satisfying to 
the experimental scientist; we know the 
questions, the observations, and the 
numerical results. On the other hand, 
Lindauer’s questions are based on gen- 
erations of observation of life in the 
bee hive, exactly the sort of natural his- 
tory that Tinbergen provides for the 
herring gull. Both types of work are 
necessary, and the two books are per- 
fect examples of two levels of scientific 
exploration. It is somewhat amusing, 
however, to see that Tinbergen reaches 
far more sweeping conclusions about 
behavior in general. 

Perhaps in these books there are also 
line-by-line hints of how the authors’ 
temperaments determine their approach. 
Tinbergen loves his birds, he delights in 
their motions and abilities, he writes 
of them with joy and verve—and his 
enthusiasm is catching. He also tells a 
good deal about Niko Tinbergen— 
every reader will want to meet the 
charming author. Lindauer writes with 
precision. He leaves untold his ad- 
ventures encountered in following bees 
from Germany to Ceylon to South 
America; the excitement comes from 
the subject itself. Both books are well 
illustrated. 

A comparison between the animals 
only re-emphasizes the astounding com- 
plexity of the bees, whose behavior puts 
most vertebrate societies to shame. 

WILLLIAM G. VAN DER KLOOT 
Department of Physiology and 
Biophysics, New York University 
School of Medicine 


New Books 


Biological and Medical Sciences 


British Flies. Empididae. J. E. Collin. 
Cambridge Univ. Press, New York, 1961. 
227 pp. Illus. + plate. $6. 

The Cell and the Organism. J. A. Ram- 
say and V. B. Wigglesworth, Eds. Cam- 
bridge Univ. Press, London, 1961. 357 pp. 
Ilius. $9.50. 

The Ciliated Protozoa. Characterization, 
classification, and guide to the literature. 
John O. Corliss. Pergamon, New York, 
1961. 310 pp. Illus. + plate. $12. 
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Contributions to the Systematics of 
Oriental Termites. M. L. Roonwal and P. 
K. Sen-Sarma. Indian Council ‘of Agricul- 
tural Research, New Delhi, 1960. 420 pp. 
Illus. + plates. $9. 

The Extra Pharmacopoeia Martindale. 
Supplement 1961 to vol. 2, ed. 23 (1955), 
and vol. 1, ed. 24 (1958). Pharmaceutical 
Press, London, 1961. 324 pp. $6.50. 

Faune de France. 65. Poissons d’Eau 
Douce. Charles Jacques Spillmann. Leche- 
valier, Paris, 1961. 303 pp. Illus. 

Mammals of the Southwest Mountains 
and Mesas. George Olin. Southwestern 
Monuments Assoc., Globe, Ariz., 1961. 
141 pp. Illus. Paper, $2; cloth, $3.25. 

The Mites of Stored Food. Ministry of 
Agriculture, Fisheries, and Food, Tech- 
nical Bulletin No. 9. A. M. Hughes. Her 
Majesty’s Stationery Office, London, 1961 
(order from British Information Services, 
New York 20). 293 pp. Illus. $3.30. 

Physiological Responses to Hot Environ- 
ments. MRC Special Report, No. 298. 
Compiled by R. K. MacPherson. Her Ma- 
jesty’s Stationery Office, London, 1960. 
338 pp. Illus. $6.55. 

The Salmon. J. W. Jones. Harper, New 
York, 1959. 208 pp. Illus. $4.50. 

Physiology of Plants. P. Font Quer. 
Harper, New York, 1960. 126 pp. $2.25. 

Pioneer Microbiologists of America. 
Paul F. Clark. Univ. of Wisconsin Press, 
Madison, 1961. 383 pp. $6. 

Progress in Industrial Microbiology. vol. 
3. D. J. D. Hockenhull, Ed. Interscience, 
New York, 1961. 237 pp. Illus. $8.50. 

The Spinal Cord. Basic aspects and 
surgical considerations. George Austin. 
Thomas, Springfield, Ill., 1961. 546 pp. 
Illus. $26.50. 

Stedman’s Medical Dictionary. Williams 
and Wilkins, Baltimore, Md., 1961. 1680 
pp. Illus. + plates. $14.95. 

A Survey of the Dragonflies (Order 
Odonata) of Eastern Africa. E. C. G. Pin- 
hey. Clowes, London, 1961. 221 pp. 50s. 

Synopsis of Histology. Henry J. Wer- 
ner. McGraw-Hill, New York, 1961. 156 
pp. $4.25. 

Toxicology. Mechanisms and analytical 
methods. vol. 2. C. P. Stewart and A. 
Stolman, Eds. Academic Press, New York, 
1961. 937 pp. Illus. $25. 

Vitamins and Hormones. Advances in 
research and applications. vol. 18. Robert 
S. Harris and Dwight J. Ingle, Eds. Aca- 
demic Press, New York, 1960. 629 pp. 
Illus. $15. 

Weed Control. As a science. Glenn C. 
Klingman. Wiley, New York, 1961. 429 
pp. Illus. $8.50. 


Economics and the Social Sciences 


An Introduction to Psychoanalytic 
Theory of Motivation. Walter Toman Per- 
gamon, New York, 1960. 365 pp. $9. 

Life and Ritual in Old Siam. Three stud- 
ies of Tai life and customs. Phya Anu- 
man Rajadhon. Translated and edited by 
William J. Gedney. HRAF Press, New 
Haven, Conn., 1961. 191 pp. Illus. Paper, 
$4.50. 

Man in Process. Ashley Montagu. 
World, Cleveland, Ohio, 1961. 313 pp. 
Illus. $4.50. 

The Political Kingdom in Uganda. A 
study of bureaucratic nationalism. David 
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E. Apter. Princeton Univ. Press, Prince- 
ton, N.J., 1961. 514 pp. Illus. + plates. 
$10. 

A Rorschach Reader. Murray H. Sher- 
man, Ed. International Universities Press, 
New York, 1960. 456 pp. Illus. $7.50. 


General 


The Biblical Archaeologist Reader. G. 
Ernest Wright and David Noel Freedman, 
Eds. Quadrangle Books, Chicago, IIl., 
1961. 358 pp. Illus. $6.75. 

A Catalogue of Instruments and Models 
in the Posession of the American Philo- 
sophical Society. Robert P. Multhauf. 
American Philosophical Society, Philadel- 
pha, Pa., 1961. 91 pp. Illus. $1.50. 

Cybernetics. Or control and communi- 
cation in the animal and the machine. 
Norbert Wiener. M.I.T. Press and Wiley, 
New York, ed. 2, 1961. 228 pp. Illus. 
$6.50. 

Dinosaurs. Their discovery and their 
world. Edwin H. Colbert. Dutton, New 
York, 1961. 314 pp. Illus. $7.50. 

European Military Museums. A survey 
of their philosophy, facilities, programs, 
and management. J. Lee Westrate. Smith- 
sonian Institution, Washington, D.C., 1961. 
215 pp. Illus. 

I Can Learn about Calculators and 
Computers. Raymond G. Kenyon. Harper, 
New York, 1961. 112 pp. Illus. $2.95. 

Writing a Technical Paper. Donald H. 
Menzel, Howard Mumford Jones, and 
Lyle G. Boyd. McGraw-Hill, New York, 
1961. 141 pp. Illus. 


Mathematics, Physical Sciences, 
and Engineering 


Advances in Electronics and Electron 
Physics. vol. 14. L. Marton, Ed. Aca- 
demic Press, New York, 1961. 351 pp. 
Illus. 88s. 

Axial Flow Fans. Design and practice. 
R. A. Wallis. Academic Press, New York, 
1961. 375 pp. Illus. $10. 

Azo and Diazo Chemistry. Aliphatic 
and aromatic compounds. Heinrich Zol- 
linger. Translated by Harry E. Nursten. 
Interscience, New York, 1961. 444 pp. 
$16.50. 

Calculus. George B. Thomas. Addison- 
Wesley, Reading, Mass., 1961. 863 pp. 
Illus. $8.75. 

Colorimetric Methods of Analysis. In- 
cluding photometric methods. vol. 3A. 
Foster Dee Snell and Cornelia T. Snell. 
Van Nostrand, Princeton, N.J., 1961. 586 
pp. Illus. $10.75. 

Columbium Metallugy. D. L. Douglas 
and F. W. Kunz, Eds. Interscience, New 
York, 1961. 762 pp. Illus. $26. 

Concepts in Electricity and Magnetism. 
Reuben Benumof. Holt, Rinehart and 
Winston, New York, 1961. 384 pp. Illus. 
$5.75. 

Crossed-Field Microwave Devices. vols. 
1 and 2. E. Okress et al., Eds. Academic 
Press, New York, 1961. Illus. 670 pp., 
$22; 542 pp., $18. 

Dispersion Relations. G. R. Screaton, 
Ed. Oliver and Boyd, Edinburgh; Inter- 
science, New York, 1961. 303 pp. Illus. 
$9.25. 

Dispersion Relations and the Abstract 
Approach to Field Theory. Lewis Klein, 


Ed. Gordon and Breach, New York, 1961. 
283 pp. Illus. $4.95. 

Electromechanical System Theory. Her- 
man E. Koenig and William A. Blackwell. 
McGraw-Hill, New York, 1961. 520 pp. 
Tilus. $14.50. 

Field Geology. Frederic H. Lahee. Mc- 
Graw-Hill, New York, ed. 6, 1961. 957 
pp. Illus. $10.75. 

Forces and Fields. The concept of ac- 
tion at a distance in the history of physics. 
Mary B. Hesse. Nelson, London, 1961. 
328 pp. Illus. 35s. 

Fortschritte in der Kinetik der homo- 
genen Gasreaktionen. Z. G. Szab6. Stein- 
kopff, Darmstadt, Germany, 1961. 251 
pp. Illus. DM. 40. 

Geology of Norway. vol. 1. Olaf Holte- 
dahl, Ed. Oslo Univ. Press, Oslo, 1960. 
540 pp. Illus. + maps. $15. 

Management Models and Industrial Ap- 
plications of Linear Programming. vol. 1. 
A. Charnes and W. W. Cooper. Wiley, 
New York, 1961. 490 pp. Illus. $11.75. 

Mathematical Machines. vol. 1, Digital 
Computers, 307 pp., illus., $12.50; vol. 2, 
Analog Devices, 373 pp., illus., $17.50. 


Francis J. Murray. Columbia Univ. Press, © 


New York, 1961. 

Mathematical Programming. S. Vajda. 
Addison-Wesley, Reading, Mass., 1961. 
319 pp. Illus. $8.50. 

Mechanical Behavior of Materials at 
Elevated Temperatures. John E. Dorn, Ed. 
McGraw-Hill, New York, 1961. 541 pp. 
Illus. $14.50. 

Natural Polymer Man-Made Fibres. C. 
Z. Carroll-Porczynski. Academic Press, 
New York, 1961. 314 pp. Illus. $9.50. 

Norway North of 65. Ornuly Vorren, 
Ed. Oslo Univ. Press, Oslo, 1961. 271 pp. 
Illus. $5.50. 

The Optimal Design of Chemical Re- 
actors. A study of dynamic programming. 
Rutherford Aris. Academic Press, New 
York, 1961. 191 pp. Illus. $7. 

Physical Chemistry of Macromolecules. 
Charles Tanford. Wiley, New York, 1961. 
724 pp. Illus. $18. 

Physics of the Aurora and Airglow. 
Joseph W. Chamberlain. Academic Press, 
New York, 1961. 722 pp. Illus. $16.50. 

Progress in Astronautics and Rocketry. 
vol. 3, Energy Conversion for Space 
Power, Nathan W. Snyder, Ed., 795 pp., 
illus., $7.25; vol. 5, Electrostatic Propul- 
sion, David B. Langmuir, Ernst Stuhlinger, 
and J. M. Sellen, Jr., Eds., 590 pp., illus., 
$5.75. Academic Press, New York, 1961. 

Progress in Optics. vol. 1. E. Wolf, Ed. 
North-Holland, Amsterdam; Interscience, 
New York, 1961. 354 pp. Illus. $12. 

Reactor Handbook. Fuel reprocessing. 
vol. 2. S. M. Stoller and R. B. Richards, 
Eds. Interscience, New York, ed. 2, 1961. 
677 pp. Illus. $21.40. 

Shock and Vibration in Linear Systems. 
Paul A. Crafton. Harper, New York, 
1961. 426 pp. Illus. $10. 

Temperature Measurement in Engineer- 
ing. vol. 2. H. Dean Baker, E. A. Ryder, 
and N. H. Baker. Wiley, New York, 1961. 
517 pp. Illus. $13. 

The Third Law of Thermodynamics. 
J. Wilkes. Oxford Univ. Press, London, 
1961. 150 pp. Illus. 15s. 

Water Hammer in Hydraulics and Wave 
Surges in Electricity. L. Bergeron. Wiley, 
New York, 1961. 316 pp. Illus. $15. 
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Generalized Neocortical Responses 
and Corticospinal Neuron Activity 


Abstract. Long-latency responses evoked 
by ipsilateral sciatic nerve and hippocam- 
pal-fornix stimulation in barbiturized cats 
are associated with activation of cortico- 
spinal neurons. Differences in latency and 
configuration of generalized responses and 
patterns of relayed corticospinal neuron 
discharges indicate that a variety of extra- 
thalamic projections are involved in acti- 
vation of Betz cells. 


The existence of extrathalamic cen- 
tripetal pathways to neocortex was orig- 
inally inferred from data on the mode 
of propagation and distribution of long- 
latency generalized “secondary dis- 
charges” to peripheral nerve or brain- 
stem stimulation in barbiturized animals 
(1, 2). Despite the fact that these 
evoked responses may be of extraor- 
dinary magnitude in sensorimotor cor- 
tex, it has been suggested that they 
are not associated with discharges of 
pyramidal neurons that give rise to the 
corticospinal tract (3). 

The present study, part of a series of 
investigations on the regulation of cor- 
ticospinal neuron activity by nonspecific 
projection systems (4), was undertaken 
to define the relationship between cor- 
ticospinal neuron activity and two va- 
rieties of long-latency generalized neo- 
cortical responses: secondary discharges 
and the responses described by Mori- 
son, Dempsey, and Morison that follow 
stimulation of “the corpus callosum or 
the immediately subjoined fibers of the 
fornix system” (2). The present study 
establishes that the latter responses are 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a sumniary of the results presented in the 
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Type manuscripts double-spaced and submit one 
tibbon copy and one carbon copy. 

Limit the report proper to.the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
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attributable to stim 
pocampal-fornix system. 

Experiments were performed on 
adult cats maintained at various depths 
of anesthesia by repeated injections of 
small amounts of thiopental sodium. 
The animals were prepared for record- 
ing of long-latency responses evoked in 
motor cortex by stimulation of the ip- 
silateral sciatic nerve and direct stimu- 
lation of the exposed ventricular surface 
of the dorsal hippocampus, fimbria, or 
fornix. Corticospinal neuron activity 
was recorded with 100-, Teflon coated 
wires inserted into the medullary pyram- 
idal tract or by means of extracellu- 
larly located saline-filled micropipettes 
in the motor cortex. Betz cells were 
identified by high-frequency (250 per 
second) stimulation of the medullary 
pyramidal tract. 

The results summarized in Fig. 1 in- 
dicate that long-latency (35 to 80 msec) 
responses in anterior sigmoid gyrus 
(motor cortex) evoked by ipsilateral 
sciatic stimulation under moderately 
deep thiopental anesthesia were associ- 
ated with temporally dispersed relayed 
corticospinal tract discharges (Fig. 1, 
A-B), as well as low-frequency dis- 
charges of Betz cells (Fig. 1, D-F). 
Betz cell discharges were usually super- 
imposed on various components of 
evoked subsurface focal long-latency 
responses that were predominantly neg- 
ative in configuration. 

Subsurface focal responses were com- 
plexly related to secondary discharges 
recorded from the surface of the motor 
cortex, as were discharges of single 
Betz cells. Discharge frequencies of the 
latter elements ordinarily did not ex- 
ceed 10 per second. Although the num- 
ber of discharges in a particular re- 
sponse sequence was rarely greater 
than three or four, frequently a unit 
might fire once during the subsurface 
focal response or not at all. 

Like the secondary discharge evoked 
by stimulation of the sciatic nerve, very 
long-latency responses elicited by direct 
stimulation of the exposed hippocam- 
pus, fimbria, or fornix were also asso- 


m of the hip- 


ciated with relayed discharges in the 
corticospinal tract (Fig. 1C). As 
pointed out by Morison, Dempsey, and 
Morison (2), such generalized neocor- 
tical discharges were similar but not 
identical in wave form and cortical dis- 
tribution to evoked secondary dis- 
charges. Hippocampal-evoked general- 
ized discharges were best obtained at 
deeper levels of barbiturate narcosis 
than those required for eliciting maxi- 
mal secondary discharges. Under opti- 
mum conditions for demonstrating both 
varieties of long-latency generalized re- 
sponses, associated relayed corticospinal 
tract volleys might be of equal magni- 
tude despite the fact that hippocampal- 
evoked tract discharges were twice the 
latency of those elicited by ipsilateral 
sciatic nerve stimulation (Fig. 1, B—-C). 

Corticospinal neuron discharges were 
related to early components of sciatic- 
evoked secondary discharges in pericru- 
ciate cortex when the latter were of 
maximum amplitude and predominant- 
ly positive-negative in configuration. 


B Taal 


dn 


, Ww 

Cc F | 
— ee 
Fig. 1. (Three different experiments illus- 
trated in A-D, D-F, and G-I.) A, Corti- 
cospinal tract discharges recorded in the 
medullary pyramidal tract following weak 
motor cortex stimulation; time calibration, 
1000 cy/sec. B (upper channel), Secondary 
discharges recorded monopolarly from sur- 
face of motor cortex following ipsilateral 
sciatic nerve stimulation (0.5 per second). 
B (lower channel), Associated corticospinal 
tract discharges recorded as in A. C (upper 
channel), Surface responses to fimbrial 
stimulation recorded as in B. C (lower chan- 
nel), Associated corticospinal tract volleys. 
Calibrations for B and C’as in A but 100 
cy/sec. D, Betz cell in motor cortex ac- 
tivated by 25 per second (left) and 250 
per second (right) stimulation of medul- 
lary pyramidal tract. Calibration, 1000 
cy/sec. E, Same unit as in D; (left), anti- 
dromic stimulation; (right), ipsilateral sci- 
atic nerve stimulation. Calibration, 100 
cy/sec. F, Betz cell discharge and surface- 
evoked secondary discharge to ipsilateral 
sciatic stimulation. Calibration, 100 cy/sec. 
G-I, Secondary discharges in motor cor- 
tex (upper channel) and relayed pyramidal 
tract volleys to ipsilateral sciatic nerve 
stimulation. Explanation in text. Calibra- 
tion, 100 cy/sec. 
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During the relatively brief period in 
which it was possible to maintain a 
steady level of moderately deep thio- 
pental anesthesia, secondary discharges 
evoked by 0.5 per second ipsilateral 
sciatic nerve stimulation were unaltered 
in Jatency and configuration (Fig. 1B). 
At deeper levels of narcosis the first 
of a train of 0.5 per second stimuli 
evoked a maximal secondary discharge 
and relayed tract activity associated 
with the surface-positivity of the motor 
cortex response (Fig. 1G). Successive 
stimuli elicited secondary discharges of 
longer latency and complexity which 
were associated with marked increases 
in the latency of relayed tract responses 
(Fig. 1H). Under these conditions, 
corticospinal tract volleys, though con- 
siderably reduced in magnitude, were 
associated with a prominent very long- 
latency (150 msec) triphasic compo- 
nent of the cortical surface secondary 
discharge which evolved during repeti- 
tive (0.5 per second) stimulation (Fig. 
17). At this stage, secondary dis- 
charges were completely different in 
wave form from those recorded initi- 
ally (Fig. 1G). 

The finding that long-latency, gener- 
alized responses initiated by peripheral 
stimulation reflect activity in synaptic 
organizations linked to corticospinal 
neurons indicates that diffusely project- 
ing extrathalamic pathways play an im- 
portant role in the regulation of the 
corticospinal system. That a multi- 
plicity of extrathalamic pathways may 
be involved in this regulation is evident 
from the variability of secondary dis- 
charges and associated relayed cortico- 
spinal tract discharges observed at dif- 
ferent levels of barbiturate narcosis. In 
view of this, it is likely that such path- 
ways may mediate effects on cortico- 
spinal neurons that have been reported 
to follow stimulation of diffuse periph- 
eral fields under different experimental 
conditions (5). 

Evidence is also presented here that 
diffusely projecting centripetal pathways 
activated by hippocampal efferents are 
capable of initiating corticospinal neu- 
ron discharges. This would appear to 
extend the range of action of archicor- 
tical efferent projection systems in the 
modulation of neocortical activity to a 
degree which has been previously un- 
suspected (6). 

DoMINIcK P. PURPURA 
BERNARD COHEN* 
GIOVANNI MarINIt+ 
College of Physicians and Surgeons, 
Columbia University, New York 
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Behavior Studies by 
Capacitance Sensing 


Abstract. The movements of small bur- 
rowing animals submerged in sand are 
monitored through capacitance changes 
which detune radio-frequency oscillators. 
A new dimension of reptilian activity 
studies is possible by using this technique. 
Some early observations of several reptile 
species maintained in darkness in isother- 
mal sand are given. Patterns of behavior 
during active phases, depth and rate of 
diving, and duration of quiescent periods 
are being revealed in detail for the first 
time. 


The capacitance-sensing technique 
provides a potentially valuable tool for 
the ethologist and ecologist. Although 
the method is highly versatile, it ap- 
parently has not been used heretofore 
to study animal movements. One appli- 
cation of this technique is illustrated; 
extensions to other uses will suggest 
themselves readily. 

Our initial studies have dealt with 
burrowing reptiles of the genera Chion- 
actis, Chilomeniscus, Anniella, and Lep- 
totyphlops. A wide variety of other 
lizards and snakes burrow with’ great 
facility in loose sand or soil. In desert 
regions, such burrowing animals often 
spend a large part of each day buried 
beneath the surface. It has been sus- 
pected that their subsurface stay is not 
always a simple quiescent period, but 
may involve movements related to tem- 
perature stratifications (7), food search- 
ing (2), or selection of moisture levels 
(2). The data relating to these supposi- 
tions are fragmentary and have resulted 
from observations of (i) humped-up sur- 
face soil or sand displaced by the shal- 
lowly buried animal (3), (ii) animals 





submerged in glass-walled chambers and 
occasionally. revealing themselves by 
pressing against the panes (J, 2), or (iii) 
the actual depths of buried animals un- 
covered by excavation (4). These 
methods give only a very incomplete 
picture of subsurface activity. A con- 
tinuous monitoring method, allowing 
the investigator to detect the position of 
an animal constantly, is needed. 
Capacitance sensing seemed most 
likely to fulfill this requirement. The 
method depends upon the production 
and detection of changes in capacitance 
of a regenerative radio-frequency oscil- 
lator. In the present application, the 
capacitance changes are brought about 
by the approach or contact of reptiles 
with a buried sensing element coupled 
with the oscillator condensers. Since the 
dielectric constant of sand is quite low 
(about 4), while that of animals is 


relatively high, the capacitance changes — 


generated in this way are sufficient to 
make the method practicable. 
Capacitance sensing has a number 
of advantages over other possible tech- 
niques: it is exceedingly sensitive (being 
able to detect large animals at distances 
over 15 inches); the sensing elements 
can be structured in any way desired; 
the geometry of the enclosure and 
environment is more or less immaterial; 
the experimental animals are undoubt- 
edly insensitive to minute electrostatic 
fields oscillating at radio frequencies. 
The enclosure illustrated in Fig. 1A 
was adopted after numerous trials. Its 
internal dimensions are 2% X 18 X 46 
inches. The 4-inch Plexiglas side panels 
are held in position by “4 X %4-inch 
sand-tight grooves from which they are 
removable from above by sliding. Exter- 
nal supporting structures are of wood. 
The sensing and ground elements con- 
sist of linear grids of 24-gauge tinned 
copper wire strung back and forth with 
a horizontal spacing of % inch. We 
have no reason to believe that the grids 
hamper free passage. Ten grids are 
spaced 4 inches apart, beginning 1 inch 
above the base. The grid-wire ends are 
fastened to binding posts on one side. 
These posts also serve as jacks to re- 
ceive the oscillator lead-cables and 
grounds. The first, fourth, seventh, and 
tenth grids are used as sensors; the 
others are isolating grounds which re- 
duce field coupling. The ground shield 
of each coaxial lead-cable is connected 
to both adjacent ground grids (except 
for the top and bottom shields). 
For runs with an uncompacted fill, 
sand is poured into the chamber to the 
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desired level (usually 1 inch above the 
top grid). Sand stratified in this way 
can be compacted up to 10 percent by 
several sharp blows on the base of the 
chamber. At the end of a run, the sand 
is drained through outlets in the base. 
The final position of the animal can be 
ascertained at this time, for it usually 
resists the sand flow by clinging to the 
nearest grid. 

Instruments Inc. Model B-04 oscilla- 
tors (5) are employed. A regenerative 
radio-frequency oscillator of the Hart- 
ley type (Fig. 1B) is tuned into wide 
amplitude oscillation. The external sens- 
ing grid acts as a capacitance in series 
with the trimmer condensers. This series 
combination is effectively in shunt with 
the main fixed tuning condenser. When 
a burrowing animal touches or comes 
close to this grid, the capacitance of the 
tuned circuit is increased. A decrease 
in the amplitude of oscillation results, 
owing to interference in the coupling 
between the cathode and grid circuits 
of the 6SQ7 oscillator tube. As a re- 
sult, current drawn by the diode plates 
of the 6SQ7 increases, with a conse- 
quent overriding of the bias of a thyro- 
tron. This triggers a relay to deliver an 
on-signal to the corresponding channel 
of an Esterline-Angus Event Recorder. 
False detuning of oscillators, caused by 
internally or externally generated 
power-line transients, can be eliminated 
by buffering the oscillators with line- 
voltage regulators. 

The oscillators are tuned individually 
after the chamber has been filled with 
sand. The unit is then allowed to 
equilibrate for several hours and re- 
tuned before introducing the animal. 
Tuning may have to be readjusted 
during a run in which loose sand is 
employed, because sand compaction 
resulting from movements of the animal 
usually increases the dielectric constant 
of the fill. Tuning is carried out by 
readjusting the trimmer condensers of 
the oscillator tank circuit. We have 
sought to obtain position signals pri- 
marily on contact of experimental ani- 
mals with the sensing grids. With this 
objective the most sensitive setting is 
unnecessary. Tuning is calibrated by 
consecutively contacting each sensing 
grid with two calibers of machine bolts 
mounted on Plexiglas réds. It is easy 
to tune the oscillators to fire the thyro- 
tron on contact of a given bolt with a 
binding post but not with the bolt of 
next size smaller. Even with this com- 
paratively low sensitivity, an animal 9 
or 10 inches long in contact with one 
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sensing grid can detune a second oscil- 
lator by approaching but not contacting 
its sensing grid. This commonly occurs 
when the experimental animal burrows 
nearly vertically. Such a record is shown 
in Fig. 1C. Oscillators can also be de- 
tuned by near approach of an animal 
in contact with a ground grid. 

Thus far, movements have been 
monitored only in darkness in isother- 
mal sand at a temperature (23° to 
24°C) assumed to be within the limits 
of the animals’ normal activity tempera- 
ture ranges. Tests are planned with 
diurnal temperature gradients coinci- 
dent with a daily light cycle. In this 
way, we hope to simulate subsurface 
thermal events and to give essentially 


























natural light cues. Behavior related to 
these factors should then become evi- 
dent. 

The tests in uncompacted isothermal 
sand show that the small colubrid snake, 
Chionactis occipitalis, and the limbless 
lizard, Anniella pulchra, are able to 
move up or down through the entire 
vertical depth of sand (38 inches) within 
as little as 7 minutes (Fig. 1C). Nearly 
every specimen of A. pulchra intro- 
duced into the chamber swam directly 
to the bottom. However, the patterns 
of movement are quite variable; they 
are interspersed with periods of quies- 
cence, one of which lasted almost 45 
hours (during which an oscillator was 
held continually detuned). 
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Fig. 1. A, Experimental enclosure (ground grids omitted). B, Simplified a-c circuitry 
of the Hartley oscillator. C, Esterline-Angus record of the movements of a 10-inch 
specimen of Chionactis occipitalis from near the surface of the sand to the bottom of 
the chamber (presumably below the bottom grid) and back in less than 1 hour. The 
on-signals of the recorder tracings are shown as heavy segments. Note that overlapping 
of on-signals occasioned by multiple detuning is most marked on the descent. 
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Recorded sorties at the surface are 
checked by inspection of the surface 
sand for tracks. Such tracks are 
smoothed so that subsequent sojourns 
at the surface can also be verified. It is 
interesting to note that smoothing sur- 
face sand does not disturb an animal 
resting within a fraction of an inch of 
the surface unless its body is actually 
touched. 

Both Chilomeniscus stramineus and 
Chionactis occipitalis were often seen 
to rest near the surface with only an 
inch or so of the tail exposed. Similar 
behavior reported for A. pulchra (2) 
was not noted by us. Although its sig- 
nificance has not been established, a 
temperature-sensing function served by 
this behavior seems possible. 

Future reports will deal with detailed 
records of movements and with the 
effects of thermal gradients (6). 

J. LEE KAVANAU 
KENNETH S. Norris 
Department of Zoology, University of 
California, Los Angeles 
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Color Induction and 
Hue Discrimination 


Abstract. A very close relationship has 
been: found between hue discrimination 
thresholds and the differences in wave- 
length necessary to produce “full color” 
from two monochromatic light sources. 
This finding suggests a need for certain 
research in the area of color induction. 


The experiments of E. H. Land (/, 
2) demonstrating that many of the 
natural colors of the spectrum can be 
produced with only two monochromatic 
light sources, or one monochromatic 
source and white light, have stimulated 
much spirited discussion among persons 
interested in the study of color vision. 
The opinion held by most psychologists 
is that the effects produced by Land are 
not new and can be explained by mech- 
anisms known to color theorists for 
many years. G. L. Walls (3) has pointed 
out that most of the colors which Land 
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Fig. 1. Wavelength differences between 
projection primaries for a good effect 
(Land), dashed line, and hue discrimina- 
tion thresholds (x 10) (Hecht), solid line. 
The units of both axes are millimicrons. 


produced can be explained by simul- 
taneous color contrast or spatial induc- 
tion—phenomena which have been 
familiar to psychologists for over 100 
years. Viewed in this light, the Land 
effect loses much of its dramatic appeal 
as a possible source of a new theory of 
color vision. 

There is one aspect of Land’s work 
which does seem surprising to many 
psychologists: The wavelength separa- 
tion between the two sources of mono- 
chromatic light which is necessary for 
the perception of colors other than the 
colors projected is surprisingly small. A 
difference in wavelength of about 45 
my seems to be sufficient to produce 
“full color” regardless of the position 
on the visible spectrum from which the 
two light sources are selected. 

I decided to see what relationship 
these spectral separations have to differ- 
ence thresholds for wavelength dis- 
criminations. When two monochromat- 
ic lights of the same wavelength are 
presented to a human subject and the 
wavelength of one light is increased or 
decreased until the subject is able to 
discern a difference in hue between the 
lights, it is found that the amount of 
variation necessary is different for dif- 
ferent points along the spectrum. These 
thresholds have been reproduced by 
Hecht (4) (using the data of Steindler, 
1906) and show that the maximum 
difference limen is about 4 my and 
occurs in the red region of the visible 
spectrum. 

Land (2) has given in his Fig. 3 a 
graph showing the color arrays obtain- 
able with various combinations of wave- 
lengths used in projecting two superim- 
posed images on a screen. From this 
graph one can obtain the minimal sepa- 
ration of longer and shorter wave- 
lengths required in different spectral 





regions for a greater or lesser approach 
to “full color” in the projected picture. 

The solid line in Fig. 1 shows the hue 
discrimination thresholds as reproduced 
by Hecht. These thresholds have been 
multiplied by 10. The dashed line rep- 
resents the wavelength differences be- 
tween projection primaries for a good 
effect as derived from Land’s graph. 
These values are not multiplied by a 
constant. 

One can see that there is a striking 
similarity between these two functions. 
The most obvious conclusion that can 
be drawn from this concomitant varia- 
tion is that the production of “full 
color” from two monochromatic lights 
is dependent upon the existence of a 
sizable subjective difference in color be- 
tween the two projection primaries. 
Thus, the three maxima of both func- 
tions correspond to regions of the spec- 


trum in which a relatively large differ- . 


ence in wavelength is necessary to 
produce a subjective color difference. 
The interesting point to be made here 
is that it would appear from the graph 
that the wavelength separation neces- 
sary for “full-color” perception is some 
ten times as great as that necessary for 
a noticeable difference in hue. 

Suppose that an annulus or ring of 
monochromatic light were projected 
upon a screen and that a second projec- 
tor cast a spot of light of the same 
wavelength which filled the center of 
the annulus. If the wavelength of the 
surrounding annulus were varied, a 
point would be reached at which there 
would occur a noticeable change in the 
hue of the spot, despite the fact that the 
wavelength of the spot remained con- 
stant. On the basis of Walls’s explana- 
tion of Land’s findings and the relation- 
ship between the functions plotted in 
Fig. 1, one might expect that the change 
in wavelength of the annulus required 
to produce a change in the spot would 
be ten times that change required to 
cause a subjective difference in the hues 
of the spot and annulus (with each 
viewed through a mask which would 
prevent spatial induction). 

LYLE W. BIVENS 
Department of Psychology, 
University of Colorado, Boulder 
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Phototropism in Conidiobolus, 
Some Preliminary Observations 


Abstract. The action spectrum for 
phototropism of Conidiobolus conidio- 
phores was determined crudely with glass 
filters and by projecting a spectrum on 
cultures of the fungus. The active wave- 
lengths (about 400 to 650 mx) corre- 
sponded in general with those absorbed 
by extracts containing a pigment with 
an absorption spectrum characteristic of 
a porphyrin. 

It is well known that conidiophores 
of Conidiobolus, a member of the 
phycomycetous order Entomophthora- 
les, grow toward a source of light. It 
is the purpose of this paper to report 
the results of a preliminary investiga- 
tion of phototropism in this fungus. 

The strain of Conidiobolus used for 
these trials was isolated by the canopy 
plate technique of Drechsler (7) from 
decaying leaves of Sequoia sempervi- 
rens Endl. The fungus is similar to 
one studied by Morrow (2) and re- 
sembles Conidiobolus villosus Martin 
in that it produces villose conidia under 
some conditions. It was grown on 
potato-dextrose agar or on a medium 
which contained 0.5 percent aspara- 
gine, 2.0 percent glucose, and salts. 
When cultures were illuminated uni- 
laterally by an incandescent. lamp, 
positive phototropism was indicated by 
an accumulation of conidia and young 
mycelia at the side of the culture 
nearest the light. 

In order to determine what wave- 
lengths of light are capable of eliciting 
a phototropic response, Corning glass 
filters were interposed between the 
lamp and the cultures. Phototropism 
was induced not only by light passed 
through a blue filter (5543), but also 
by light passed through sharp cut fil- 
ters which transmit less than 0.5 per- 
cent of wavelengths shorter than 471 
and 599 my. The fact that light from 
a red photographic safelight was ef- 
fective even when passed through a 
ted filter (2408) is additional evidence 
that this species of Conidiobolus is 
capable of responding to orange or red 
light as well as to blue light. That the 
response is not to heat or to far-red 
light is indicated by the fact that no 
Tesponse was shown by cultures which 
were illuminated by light from a photo- 
graphic safelight passed -through a far- 
red filter (5840). 

In an attempt to obtain further 
information on the effective wave- 
lengths of light, a spectrum was pro- 
jected on a culture of Conidiobolus. 
Light from an incandescent lamp was 
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spectrum on culture. Degree of positive response is indicated by density of conidia 
(white) on glass. Lines show approximate positions of emission lines of mercury. 
Arrows show positions of peaks of absorption spectrum shown in Fig. 2. 


focused through a slit on a collimating 
lens, dispersed by a 60° prism, and 
directed on the fungus by a second 
lens. The apparatus was calibrated by 
placing a fluorescent lamp in front 
of the slit and marking the emission 
lines of mercury. The fungus was 
grown in a transparent plastic box 
with a glass plate in the bottom and 
an agar slant partially covering the 
plate. The slant was inoculated by 
streaking conidia near its edge in a 
line at right angles to the direction 
of the light, so that conidia discharged 
toward the light collected on the glass 
plate. After 4 or 5 days, the results 
were recorded by placing the plate in 
a photographic enlarger and _ project- 
ing the image on sensitized paper. 

The results indicated that the fungus 
responds to wavelengths as long as 
about 650 my (Fig. 1). Conidia ac- 
cumulated most densely on the glass 
plate opposite those portions of the 
growth illuminated by violet (about 
400 my,»)- and green-red light (about 
490 to 650 my). 

In order to discover whether Conid- 
iobolus contains a pigment which ab- 
sorbs light of wavelengths similar to 
those effective in inducing phototro- 
pism, absorption spectra of extracts 
were determined. The fungus was 
grown in Roux bottles containing 100 
ml of liquid asparagine-glucose me- 
dium. Mats of mycelium from 12-day- 
old cultures were ground with acetone. 
The acetone was extracted with petro- 
leum ether, and after partition, the 
petroleum ether layer was discarded. 
The fact that the petroleum ether ex- 
tract was colorless indicates that this 
species of Conidiobolus does not con- 
tain carotinoids in appreciable quan- 
tities. The yellowish acetone layer was 
clarified by centrifugation, and its ab- 


Action spectrum for phototropism of Conidiobolus obtained by projecting 


sorption spectrum was determined with 
a Bausch and Lomb recording spectro- 
photometer. 

As shown in Fig. 2, the absorption 
spectrum is of a type characteristic 
of certain porphyrins (3) with a 
strong absorption peak in the violet 
and four peaks in the green, yellow, 
and orange portions of the spectrum. 
Dioxane extracts showed peaks at 412, 
506, 543, 580, and 630 mu. 

The results of these preliminary ex- 
periments indicate that Conidiobolus— 
unlike higher plants and such fungi 
as Phycomyces and Pilobolus (4)—is 
capable of responding phototropically 
to green, yellow, and orange light as 
well as to violet and blue light. Further, 
this fungus contains a porphyrin pig- 
ment which absorbs light in these same 
general portions of the visible spec- 
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Fig. 2. Absorption spectrum of acetone 
extract of Conidiobolus. 
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trum. Since the wavelengths of light 
absorbed by the pigment are similar 
to those effective in phototropism, it is 
possible that the porphyrin is the pho- 
tosensitive pigment; however, further 
investigation will be required to de- 
termine whether this interpretation is 
correct (5). 

RoBerT M. PaGE 

JOANNE BRUNGARD 
Department of Biological Sciences, 
Stanford University, 
Stanford, California 
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Advances in 


Antigen Disappearance in 


Hibernating Ground Squirrels 


Abstract. The rate of antigen disappear- 
ance was studied in hibernating ground 
squirrels (Citellus tridecemlineatus) in- 
jected with I-labeled bovine serum 
albumin. There was no detectable disap- 
pearance of antigen during 14 days of 
hibernation. The induction period, how- 
ever, ended 5 days after arousal as com- 
pared to a 7-day induction period in 
nonhibernating ground squirrels. 


The resistance of hibernating animals 
to infection has been studied by a 
number of workers (J). It would ap- 
pear that resistance to infection is in- 
creased with entry into hibernation. 
There is no evidence to suggest that 
increased resistance to infection is 
other than a nonspecific effect asso- 
ciated with physiological changes ac- 
companying this process. To our knowl- 
edge, the immune response of mam- 
mals in hibernation has not been 
studied. The present study is con- 
cerned with antigen disappearance in 
the hibernating ground squirrel, Citel- 
lus tridecemlineatus (2). 

The ground squirrels were collected 
in northern Illinois during September 
1960 and were maintained in a room 
at 23°C for 6 weeks before use. Dur- 
ing this period they were individually 
caged and allowed free access to Rock- 
land Guinea Pig Diet with supple- 
ments of carrots twice weekly. Hiber- 
nation was induced by placing the ani- 
mals, individually caged in a deep bed 
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of wood shavings without food or water, 
in a room at 5°C-and 50-percent rela- 
tive humidity. They were checked 
twice daily to determine their state of 
hibernation. 

We followed the disappearance of 
I-labeled bovine serum albumin from 
the circulation of hibernating and non- 
hibernating ground squirrels. All 
squirrels received a single intraperi- 
toneal injection of 10 mg of bovine 
serum albumin labeled with I by 
the method of Talmage et al. (3). 
Serum from ground squirrels was 
iodinated and injected by the same 
procedure. 

Blood samples from the tail were 
collected on tared filter paper, weighed, 
and counted in a well-type scintillation 
counter. Counts were corrected for 
background, disintegration, and weight 
of sample, converted to percentage of 
the activity of the sample taken 1 day 
after antigen injection, and plotted on 
a semilogarithmic scale. The rate of 
antigen disappearance was in three 
phases, as indicated by marked 
changes in the slope of the plot. These 
three phases were, in the terminology 
of Dixon et al. (4), (i) the equilibra- 
tion phase, (ii) the nonimmune elimi- 
nation phase, and (iii) the immune 
disappearance phase which marks the 
appearance of antibody. 

In Fig. 1 the mean slopes are plotted 
for each phase of antigen disappear- 
ance in four treatment groups. The 
mean slope for the period of equilibra- 
tion is an average of the slopes of that 
phase for the individuals in the group. 
The mean slopes for the nonimmune 
elimination and the immune phases 


100 = 


were obtained by means of the same 
method. 

Group A was composed of 14 
squirrels that remained at room tem- 
perature after antigen was injected. 
The first blood sample was taken 1 
day after the injection, four during 
the next 6 days, and three in the 
course of the next 5 days. The period 
of equilibration was less than 1 day 
in ten animals and as long as 3.5 
days in four animals where the mean 
half-disappearance time was 2.3 days. 
During the nonimmune elimination 
phase that followed, the rate of antigen 
disappearance slowed so that the anti- 
gen level decreased by half in 5.4 
days. On the seventh day after antigen 
injection the half-disappearance time 
decreased to 1.5 days. This increase in 
rate of disappearance is considered to 


mark the end of the induction period , 


and the beginning of the immune phase 
wherein the appearance of antibody 
in the circulation is followed by rapid 
removal of the circulating antigen- 
antibody complexes. This sequence is 
qualitatively similar to that observed 
by Dixon et al. (4) in rabbits. 
Group B was composed of 11 ani- 
mals that were placed in the cold 
room immediately after antigen injec- 
tion. They all entered hibernation 
within a day. During the 2-week hiber- 
nation period only four samples were 
taken; after arousal the sampling 
schedule was the same as for group A. 
There was little or no disappearance 
of antigen during the period of hiber- 
nation. After arousal, the half-dis- 
appearance time became 4.4 days, 
which was not statistically different 
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Fig. 1. A semilogarithmic plot of the mean disappearance curves of I'*-labeled bovine 


serum albumin in groups A and B, and of I-labeled ground squirrel serum in groups 
C and D. After injection of labeled material on day 0: (A) 14 animals maintained 
at 23°C; (B) 11 animals maintained at 5°C for 14 days in hibernation followed by a 
return to 23°C; (C) 4 animals maintained at.23°C; (D) 5 animals at 23°C for 4 days, 
then in hibernation at 5°C for 14 days followed by a return to 23°C. The numbers 
associated with each phase of the plot show the half-disappearance time in days. 
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from that of the nonimmune elimina- 
tion phase in group A (5.4 days, p > 
.20). The induction period ended after 
5 days when the half-disappearance 
time decreased to 2.2 days. The statis- 
tical significance of the difference be- 
tween the immune disappearance times 
for groups A (1.5 days) and B (2.2 
days) was equivocal (p = .05), but 
the difference between the induction 
period for group A (7 days) and the 


posthibernation induction period of 
group B (5 days) was. significant 
(p < .001). 


To determine whether the rate of 
disappearance of the antigen upon 
awakening from hibernation was com- 
parable to the nonimmune disappear- 
ance rate or was actually the result 
of physiological processes peculiar to 
arousal, we studied the disappearance 
rate of labeled squirrel serum. 

In four squirrels (group C) injected 
with labeled serum, the _half-disap- 
pearance time was 3.3 days. In five 
squirrels treated similarly (group D) 
that entered hibernation 4 days after 
serum injection, the half-disappearance 
time upon arousal from 14 days of 
hibernation was 3.3 days. This was 
almost identical with the half-disap- 
pearance time of 3.6 days for the same 
animals during the 4 days before hiber- 
nation and for the group C animals 
that did not hibernate. In group D, 
as in group B, there was little or no 
disappearance of the labeled material 
during hibernation. Therefore, it is 
safe to assume that the disappearance 
rate of antigen in squirrels after arousal 
is the reflection of a physiological state 
(measured by antigen disappearance) 
comparable with that of the nonhiber- 
nating ground squirrels. 

Although there is little or no dis- 
appearance of homologous or hetero- 
logous proteins from the circulation 
of hibernating ground squirrels, the 
induction period ends 5, not 7, days 
after arousal (group B, Fig. 1). Since 
the normal induction period is 7 days 
(group A, Fig. 1), it would appear 
that some of the events that occurred 
during the induction period transpired 
while the ground squirrels were hiber- 
nating. Work is in progress to determine 
whether the whole or only part of the 
induction period can -be passed in 
hibernation. 

BERNARD N. JAROSLOW 
DoucLas E. SMITH 
Division of Biological and Medical 
Research, Argonne National 
Laboratory, Argonne, Illinois 
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Development of Needle Blight 
Symptoms on Rooted Cuttings 
from Diseased White Pine Trees 


Abstract. A method of rooting cuttings 
from white pine trees is described. Ap- 
proximately equal numbers of cuttings 
from diseased and healthy trees were 
rooted by this method. After the rooted 
cuttings were planted in the field, they 
were closely watched for root growth 
and the development of foliar injuries. 


The disease, needle blight of eastern 
white pine (Pinus strobus L.), is char- 
acterized by an orange-red discolora- 
tion of the distal portions of current- 
year needles. For more than 50 years 
it was believed that the disease affected 
the tips of needles first, and that this 
was followed by a progressive dieback. 
To the contrary, it was recently dis- 
covered (/) that the injury began in 
semimature leaf tissues and then spread 
distally to more mature tissues. Based 
on data with respect to the nature and 
occurrence of the foliar symptoms, the 
hypothesis was set forth that needle 
blight is heritable (/). 

Support for this theory would ensue 
if shoots removed from diseased or 
healthy trees and induced to root 
should produce phenotypic reactions 
similar to their parents when grown 
under similar environmental condi- 
tions. The question also arose whether 
cuttings from _ needle-blighted trees 
could be rooted, since diseased trees 
possibly lack food reserves because 
of reduced needle and shoot growth 
(2) and death of distal ends of needles. 

Cuttings were taken from trees 
with histories either of disease recur- 
rence or of freedom from _ blighting. 
The selected trees were 10 to 13 years 
old, which is considered fairly old by 
forest geneticists for obtaining high 
percentages of successfully rooted cut- 
tings (3). Most conifer cutting experi- 
ments involve seedlings 3 to 6 years 
old. Trees this young, however, usually 
do not possess sufficient shoots to pro- 
vide large enough clones for further 
experimentation. 





Twenty-five cuttings were removed 
from each of four trees (two diseased 
and two healthy) in early September 
1958, after shoot growth had ceased 
and buds had fully developed. Lateral 
shoots, 3 to 5 inches long, the full 
length of the current growth, were 
pulled from the trees. The basal 
fascicles were not removed. The “heels” 
were trimmed with a sharp knife, and 
the bases of the cuttings were dipped in 
0.2 percent indolebutyric acid in tal- 
cum powder. The cuttings were placed 
immediately into pots 12 inches in di- 
ameter and 8 inches high. The medium 
used was Perlite (4), a chemically 
inert substance with good drainage and 
aeration properties. About one-third of 
the length of the cuttings was inserted 
into the firmed, moistened medium, 
and the cuttings were spaced about 
1% inches apart with 2 inches between 
rows. The 25 cuttings from each tree 
were placed in a separate pot. Wire 
hoops placed in the pots formed sup- 
ports for thin polyethylene plastic 
covers. These covers were removed 
once a day, and the cuttings were 


sprayed with water until a fine film 
covered the needles. The covers helped 
maintain high humidities about the 
cuttings and also allowed an exchange 
of gases. The pots were kept at room 
temperature on a bench adjacent to 


Fig. 1. 


Rooting of white pine cuttings: 
A, cuttings in pots showing wire hoops 
and polyethylene covers; B, cutting from 
a needle-blighted tree that rooted within 
8 months; C, rooted cutting from a dis- 


eased tree 1 year after striking roots; 
D, rooted cutting from a healthy tree 1 
year after striking roots. 
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windows with venetian blinds that 
could be adjusted to reduce the sun- 
light when necessary (Fig. 14). No 
nutrients were added to the media be- 
fore or during the rooting procedure. 
Once a week, the pots were immersed 
in tap water for 10 minutes, and then 
drained. The cuttings were sprayed 
with pesticides about once a month 
to combat fungi and insects. 

Sample cuttings were removed 
periodically and examined for any 
evidence of rooting. The first cutting 
to strike roots was observed 7 weeks 
after potting. Mortality of both dis- 
eased and healthy cuttings was high in 
the first 4 months. Twenty-one 
cuttings rooted within 8 months (Fig. 
1B), and eight more rooted within 
12 months. From the original 100 cut- 
tings, 29 rooted, of which 14. were 
from diseased and 15 from _ healthy 
trees. 

The rooted cuttings were planted 
individually in pots, 5 inches in di- 
ameter, containing a i:1 mixture of 
Perlite and surface soil from a hard- 
wood stand. The cuttings were kept 
moist and partially shaded in a green- 
house. In late September 1959, nine 
of the rooted cuttings (six from a dis- 
eased tree and three from a _ healthy 
tree) were lined out in a nursery, lo- 
cated approximately 3 miles from the 
site of the parent trees. The cuttings 
were planted in the same type of media 
in pots, were placed side by side in 
the nursery, and thus were growing 
essentially in identical sites. 

In late July 1960, the diseased 
mother tree developed initial needle 
blight symptoms. Examination of the 
six rooted cuttings from this tree, 
planted 3 miles away, revealed a simul- 
taneous development of needle blight 
on the new foliage, with the injury 
originating in tissue of the same matura- 
tion as in the mother tree. In addition, 
the rate of distal spread of foliar ne- 
crosis was comparable in the cuttings 
and in the parent tree. The three healthy 
cuttings were unaffected, as was the 
mother tree. Examination of the ex- 
tent of the root systems of the dis- 
eased and healthy cuttings 1 year after 
they struck roots revealed no apparent 


differences between the two (Fig. 
1, C-D). 
From the above observations it 


may be concluded: (i) that the exces- 
sive mortality of main root tips which 
has been found to occur in needle- 
blighted trees (5) probably is a con- 
sequence of the disease and is not pri- 
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marily associated with the cause of 
needle breakdown; and (ii) that symp- 
tom development which occurred si- 
multaneously in the same local area 
on rooted cuttings and their diseased 
parent tree is further evidence strength- 
ening the hypothesis that susceptibility 
to the unfavorable conditions which 
contribute to needle blight is inherent 
in the individual (6). 

SAMUEL N. LINZON 
Laboratory of Forest Pathology, 
Southern Research Station, 
Maple, Ontario, Canada 
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Transmembrane Action Potentials 
from Smooth Muscle in Turtle 
Arteries and Veins 


Abstract. Transmembrane potential and 
active tension were measured in isolated 
segmenis of turtle aorta and inferior vena 
cava. Changes in tension were associated 
with action potentials, but the potentials 
had a different pattern in the two tissues. 
When the frequency of the action poten- 
tials increased, the contractions summated, 
resulting in a steadily maintained con- 
traction. 


The activity of smooth muscle in 
blood vessels has usually been estimated 
indirectly by measuring the diameter of 
intact vessels, the tension in isolated 
strips of vessel, the compliance in the 
vessel wall, or the resistance to flow. 


P 


Membrane Potential 





The results of such measurements have 
often been difficult to interpret because 
it was impossible to determine the rela- 
tive contributions of active changes in 
the muscle and passive changes due to 
the physical properties of the wall. 

A more direct way of assessing mus- 
cle activity in blood vessels would have 
many advantages. One method would 
be to measure the electrical changes ac- 
companying activity in single cells. Un- 
fortunately, muscle cells in blood vessels 
are generally very small and are usually 
surrounded by considerable amounts of 
fibrous and elastic tissue, especially in 
larger vessels. Consequently, the im- 
palement of these cells with microelec- 
trodes and the measurement of their 
membrane potential is very difficult. 
Turtle arteries and veins contain rela- 
tively little fibrous and elastic tissue, 


which makes the impalement of their | 


muscle cells somewhat easier. The pres- 
ent report describes some relationships 
between changes in tension and mem- 
brane potential in the smooth muscle 
of these vessels. 

Excised segments of the abdominal 
aorta and the inferior vena cava were 
cut open lengthwise and mounted in an 
organ bath filled with frog Ringer’s 
solution at 24°C. The transverse ten- 
sion exerted by the opened segment was 
measured with an RCA mechanoelec- 
tronic transducer (No. 5734). Single 
muscle cells were impaled through the 
intimal surface with “floating” micro- 
electrodes (/). 

The time courses of membrane po- 
tential and contractile tension during 
rhythmic activity in aorta are shown 
in Fig. 1. In this experiment the resting 
potential was about 35 mv. It can be 
seen that the increase in tension was 
just preceded by a single heartlike ac- 
tion potential, which consisted of a 
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Fig. 1. Action potentials in single smooth muscle cells of turtle aorta (upper record) 
and turtle inferior vena cava (lower record) associated with changes in smooth muscle 
tension. At P, the arterial smooth muscle was impaled with a microelectrode. 
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rapid spike of depolarization followed 
by a long plateau. The spike, but not 
the plateau, overshot the zero potential 
level. In this example the membrane re- 
polarized within about 12 seconds, but 
some action potentials lasted up to 40 
seconds. Often, a small prepotential was 
seen. 

Although the shape of the action 
potential resembles somewhat that of 
ventricular myocardium, the two types 
of muscle differ in other respects. The 
testing potential and the action poten- 
tial are higher in heart than in arterial 
muscle. A single contraction lasts much 
longer in arterial (30 to 200 sec) than 
in ventricular muscle (1 to 3 sec). In 
heart muscle the cell membrane re- 
mains depolarized practically through- 
out the contraction, whereas in arterial 
muscle the membrane usually repolar- 
izes before maximum tension is reached. 
The relatively shorter refractory period 
in the artery permitted summation of 
contractions when the rate of firing was 
increased, resulting in steadily main- 
tained contractions. As in cardiac mus- 
cle an increase in the frequency of the 
action potentials decreased their dura- 
tion. 

A different pattern was seen in the 
veins. Some spontaneous contractions 
occurred, but they were less rhythmic 
and more variable in strength than the 
arterial contractions. Each contraction 
was preceded by one or more action 
potentials (Fig. 1). These consisted of 
a spike of depolarization. However, re- 
polarization was much more rapid than 
in the arteries, so that the plateau fol- 
lowing the spike was often barely per- 
ceptible. Action potentials were often 
followed by a period of hyperpolariza- 
tion. When trains of spikes followed 
one another closely, the contractions 
summated to produce a fairly steady 
contraction. 

The differences between the action 
potentials seen in the artery and the 
vein emphasize the danger of consider- 
ing the configuration in one type of 
vessel as representative of that in all 
vascular smooth muscle. However, 
spikelike action potentials were record- 
ed in thé inferior vena cava of the 
guinea pig, and long action potentials 
similar to those in turtle arteries were 
recorded with difficulty in the aorta of 
the frog (2). 

IAN C. RoppIE* 
SAMUEL KIRK 
Department of Physiology and 
Biophysics, University of Washington 
School of Medicine, Seattle 
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Repression of Ornithine 
Transcarbamylase Protein 
Formation by Arginine 


Abstract. Arginine-repressed cells of 
Escherichia coli W do not form a protein 
immunologically related to ornithine 
transcarbamylase. This was determined by 
lack of cross-reactivity of repressed cell 
extracts with rabbit antisera prepared 
against purified ornithine transcarbamy- 
lase. The results indicate that arginine 
acts by blocking the synthesis of the en- 
tire enzyme-protein. 


Escherichia coli W cells grown in 
the presence of arginine contain only 
negligible amounts of ornithine trans- 
carbamylase (OTC), an enzyme in the 
biosynthetic pathway leading to argi- 
nine formation. It has been shown 
(7) that arginine acts as a repressor 
of the synthesis of OTC activity in 
these cells, and recent evidence (2) 
suggests that perhaps ornithine com- 
petes with arginine for the site of re- 
pressor action. When arginine is re- 
moved from the growth medium, a 
100-fold increase in OTC activity oc- 
curs in E. coli W; this increase in 
activity has been correlated with new 
protein synthesis (3). 

In order to investigate the function 
of arginine in the regulation of orni- 
thine transcarbamylase synthesis, it was 
first necessary to determine whether 
arginine blocks the synthesis of the 
entire OTC-protein or, alternatively, 
changes the configuration of the ac- 
tive site or prevents synthesis of a 
small portion of the molecule. If these 
cells form an enzymatically inactive 
OTC-like protein in the presence of 
arginine, this altered protein should be 
detectable by immunological  tech- 
niques. With the use of specific anti- 
sera to the inducible enzyme, £-galac- 
tosidase, it has been shown (4) that 
uninduced cells contain no antigenical- 
ly active protein related to this en- 
zyme. Experiments described in the 
present report suggest that in like 
manner arginine represses the forma- 
tion of the entire OTC-protein. 


By use of a 100-fold purified OTC 
preparation from E. coli W (5), an 
antiserum was prepared from rabbits 
according to the method of M. Cohn 
(6). One milligram of purified OTC 
emulsified with Freund’s adjuvant con- 
taining mycobacterium was _ injected 
into the rabbits intramuscularly under 
the scapula. The injection was repeated 
weekly for 30 days, and after two ad- 
ditional weeks the rabbits were bled. 
The serum obtained from rabbit blood 
was clarified by centrifugation, and the 
globulin fraction was collected by 
precipitation with ammonium sulfate 
at 33 percent saturation. The precipita- 
tion of a 100-fold purified OTC antigen 
with the prepared antisera is shown in 
Fig. 1. At the equivalence point about 
0.24 mg or 212 units of OTC are pre- 
cipitated per milligram of antisera 
protein in the precipitate. It was pos- 
sible to demonstrate 30 percent of the 
original OTC activity in the washed 
precipitate by running it gently through 
a thin-nosed pipette. However, it was 
not possible to release the enzyme 
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Fig. 1. Relationship between amount of 
rabbit antiserum precipitated and amount 
of purified ornithine transcarbamylase 
added. Precipitation reactions were car- 
ried out as follows: 0.1 ml of rabbit anti- 
serum prepared as explained in the text; 
increasing amounts of purified OTC (spe- 
cific activity — 873 mwmole of citrulline 
produced per minute per milligram of 
protein) were added; final volume of 
each tube to 1.7 ml with 0.15M NaCl; 
incubated at 3°C for 3 days; centrifuged; 
precipitates washed three times in 0.15M 
NaCl. Curve ®: micrograms of anti- 
serum protein precipitated per tube calcu- 
lated by subtracting the antigen precipi- 
tated from the total protein precipitated. 
At the point of maximum antiserum pre- 
cipitation (590 ug), 129 units of OTC 
were precipitated. Curve o: units of OTC 
remaining in the supernatant determined 
as reported previously (3). Curve A: 
units of OTC in the precipitate calculated 
by subtraction of curve o from total OTC 
added. OTC activity was also demon- 
strated in the precipitates as discussed in 
the text. 
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Fig. 2. Ouchterlony agar diffusion plates showing the reaction of anti-OTC with puri- 
fied OTC, and extracts from arginine repressed and derepressed E. coli W cells. Well (2: 
0.18 mg of anti-OTC serum protein; Well 75: 28 ug of OTC containing 1040 units 
per milligram of protein [one unit of OTC activity equals 1 umole of citrulline pro- 
duced per minute at 37°C under the conditions of assay previously reported (3)]; Well 
B: 0.3 ml of crude extract of derepressed E. coli W cells containing 45.6 units of 
OTC and 3.1 mg of protein; Well R: 0.3 mi of a crude extract of repressed E. coli W 
cells containing 0.8 units of OTC and 3.1 mg of protein. The distance between wells was 


14 mm. Plates were incubated for 6 days at 27°C, 


and contact prints were made. 


Duplicate plates were run in all experiments. 


from the antibody by treatment with 
acetic acid at pH 5 or by ammonium 
sulfate fractionation. 

Extracts from derepressed E. coli 
W cells with a high level of OTC and 
extracts from arginine-repressed E. coli 
W cells with low levels of OTC were 
compared on the basis of the precipita- 
tion reaction with the specific anti- 
serum. Since the preparations of re- 
pressed cells demonstrated a_ small 
precipitation reaction which could not 
be accounted for on the basis of ob- 
served OTC activity alone, the Ouchter- 
lony agar diffusion method was em- 
ployed (7). With a 200-fold purified 
preparation of OTC, formation of a 
large distinct precipitation line was 
demonstrated along with two minor 
lines by this method. 

Diffusion agar plates were then pre- 
pared with crude extracts of repressed 
and derepressed E. coli W, and _ puri- 
fied OTC was opposed to the rabbit 
anti-OTC serum. Figure 2. illustrates 
contact prints of three diffusion plates 
obtained. On diffusion plate 1 (Fig. 2), 
the purified enzyme (Well 75) formed 
a definite reaction of identity with the 
crude extract of derepressed cells (Well 
B), both in the major heavy precipi- 
tation line (OTC) and in the minor 
lines due to contaminating proteins. 
On plate 2 the same amount of protein 
from a crude extract of arginine-re- 
pressed cells (Well R) formed no reac- 
tion of identity with respect to the 
major heavy line of purified OTC re- 
acting to anti-OTC serum. The contact 
print of plate 3 shows the lack of 
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identity of protein from repressed cells 
(with respect to the major line) when 
allowed to diffuse simultaneously with 
the extract from derepressed cells 
against the anti-OTC serum. 

The evidence above strongly favors 
the hypothesis that arginine, or a re- 
pressor formed from arginine, blocks 
in some yet unknown way the forma- 
tion of the entire OTC-protein mole- 
cule at the site of synthesis (presum- 
ably the ribosomes). However, it 
should be pointed out that the lack 
of a precipitation reaction or the ab- 
sence of a displacement reaction as 
shown by Perrin et al. (4) does not 
eliminate the possibility of synthesis 
of at least part of the OTC molecule 
or -galactosidase molecule, as_ the 
case may be, at the enzyme-forming 
site during repression (8). 

PALMER ROGERS 
Department of Agricultural 
Biochemistry, Ohio State 
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Plumage in Lal Munia 
(Amandava amandava) 


Abstract. An Indian  ploceid _ finch, 
Amandava amandava, develops brilliant 
nuptial plumage in males during the breed- 
ing season. The females and males outside 
of the breeding season have modest brown 
hen plumages. The fact that castrates, 
whether originally of male or of female 
sex, assume nuptial plumages during the 
breeding season of the species indicates 
that plumage character is under the con- 
trol of hypophyseal hormones and that 
hypophyses are passing through an activity 
cycle which is independent of presence or 
absence of gonads. 


Piumage of African weaver finches 
is under hypophyseal control (/), spe- 
cifically under luteinizing hormone (2), 
and this fact has been made use of in 
developing an assay for luteinizing and 
chorionic gonadotropic hormones (3). 
These finches are natives of Africa and: 
are imported at great cost in the United 
States, where many laboratories are 
now maintaining them. As quite a few 
species of finches occur naturally in In- 
dia (4, 5), it was, therefore, decided to 
investigate their plumage control. 

We have investigated some species of 
Indian finches and one of these, lal 
munia (Amandava amandava), which is 
a very beautiful bird (family, Ploceidae), 
has yielded encouraging results. Males 
are brilliantly colored and have vermil- 
lion red bills during the nuptial phase. 
The head and upper plumage are crim- 
son colored. The tail is black and the 
outer feathers are tipped with white. 
From chin to breast it is deep crimson, 
sparsely spotted with white. Females 
are dull brownish with wing coverts and 
inner secondaries tipped white and up- 
per tail coverts crimson with small 
terminal white specks. The tail is brown- 
ish black, the chin yellowish white, 
while the throat and upper breast are 
grey. Abdomen and under tail coverts 
are light brownish white (5). Males in 
eclipse resemble females. 

A number of birds of both sexes 
were castrated during the fall, and their 
feathers were subsequently examined 
every month. During March and April, 
males, castrated males, and castrated 
females regenerated male nuptial plum- 
age. This coincides with the progressive 
phase of their sexual cycle (6). Intact 
females maintain hen plumage all year 
round. 

The appearance of nuptial plumages 
in normal males and castrates of both 
sexes suggests that cock plumage is 
gonad independent in this species and 
that the ovarian hormone suppresses 
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its “manifestation in normal females. 
This is just as it is in the African 
weaver finches, and so the plumage may 
reasonably be expected to be under the 
control of some hypophyseal factor. 
If this is proved, Amandava could also 
be used for assay purposes as African 
finches are now. 
J. P. THAPLIYAL 
P. D. TEWARY 
Department of Zoology, Banaras 
Hindu University, Varanasi, India 
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Puromycin-Induced Changes in 
Uredospores of Puccinia sorghi Schw. 


Abstract. Puromycin stimulates substrate 
consumption and initiates an accumulation 
of amino acids in uredospores of the corn 
rust fungus. The results indicate that un- 
der suitable conditions uredospores should 
be able to synthesize appreciable quantities 
of amino acids, but must be stimulated 
to do so. 


Uredospores of the rust fungi syn- 
thesize amino acids and other metabolic 
intermediates very slowly compared to 
the common saprophytes (J). Although 
many intermediates will eventually be- 
come radioactive when uredospores are 
stirred with radioactive substrates, the 


Table 1. The effect of puromycin on acetate 
utilization by corn rust uredospores. The 
medium included 0.1 g glucose, 5 yc sodium 
acetate-2-C™ (0.21 mg), and 50 mg spores 
suspended in 200 ml of 0.01-percent vol/vol 
aqueous Tween 20. The spores were exposed 
to the substrate on a shaker for 6 hours. The 
results are counts per minute per milligram of 
protein N. 





Puromycin (ppm) 








Characteristic 
0 80 

Fraction 

Amino acids 77,100 295,200 

Organic acids 211,000 184,500 

Sugars 193,100 310,700 

Nucleic acids 55,700 236,700 

Protein 65,500 161,200 

Residue 2,200 5,400 
Total 604,600 1,193,700 
Protein N 0.42 mg 0.66 mg 
Germination 94% 90% 
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amount of radioactivity is small (J—3). 
Since germination of saprophytic fungi 
is accompanied by the synthesis of pro- 
teins and polynucleotides while that of 
the rusts is not (2), inducing uredospores 
to provide sufficient intermediates for 
the synthesis of these macromolecules 
may prove to be a partial solution of 
growth failure in these obligate para- 
sites. Consequently, a search was in- 
itiated for a compound which would 
stimulate uredospores to consume car- 
bon compounds at a more rapid pace. 
Carcinogens, like 3,4-benzpyrene, struc- 
tural analogs, like p-fluorophenylala- 
nine, and antibiotics, like chloromycetin, 
were tested, but puromycin alone in- 
duced an accumulation of radioactive 
amino acids in germinating corn rust 
uredospores. 

The spores were germinated as de- 
scribed previously (4). A complete de- 
scription of methods employed for ex- 
traction and analysis of components 
appears elsewhere (1). The results of a 
typical experiment are presented in 
Table 1. In the presence of puromycin 
the total acetate consumption was near- 
ly doubled, radioactivity of the amino 
acid fraction was increased approxi- 
mately fourfold, while that of the or- 
ganic acid fraction decreased. The 
specific activity of the protein and 
nucleic acid fractions increased nearly 
threefold and fourfold, respectively. 
Radioactivity in the amino acid frac- 
tion increased logarithmically with in- 
creasing puromycin concentration up 
to 80 ppm. The specific activities of the 
free and protein-bound amino acids in- 
creased in approximately the same 
order of magnitude as did the total 
activities of their respective fractions. 
The source of nitrogen for the increased 
synthesis of these amino acids is un- 
known. However, there was but little 
net synthesis of proteins; the protein 
nitrogen increased with the increasing 
concentration of puromycin until about 
20 ppm puromycin were added, after 
which no further increase was ob- 
served. 

Puromycin is normally considered to 
be an inhibitor of protein synthesis (5), 
and it was readily found to inhibit the 
incorporation of radioactive L-leucine, 
L-glutamate, and D-glucose into the pro- 
tein fraction of the uredospores (Table 
2). Despite such inhibition, total con- 
sumption of these materials and their 
rates of conversion to free amino acids 
were augmented just as when acetate 
was employed. It was therefore interest- 
ing to study the effect of exposing the 


Table 2. The effect of 80 ppm of puromycin 
on substrate utilization by corn rust uredo- 
spores under the same conditions as described 
in Table 1. The values show the specific 
activity in the protein as percent of the 
control. 








Puro- Puro- 

. ; mycin mycin 

Radioactive compound fis toa pe 

used in substrate in treat- 

medium ment 

L-leucine-C™ (2 uc) 64 203 
L-glutamate-1-C™* (2 uc) 54 
Glucose-U-C™ (5 uc) 48 

Sodium acetate-2-C™ (5 uc) 550 230 





spores to puromycin, washing out as 
much of it as would come out in two 
washings, and then shaking the uredo- 
spores in the presence of L-leucine-U- 
C™“. After pretreatment for 1 hour with 
puromycin, the spores incorporated ra- 
dioactivity from leucine and from 
acetate into the protein fractions more 
than twice as fast as spores pretreated 
with water. 

It seems clear that regardless of the 
cause of the changes occurring in the 
presence of puromycin, the spores do 
have a large capacity at least for amino 
acid synthesis, and under the proper 
conditions can respond to the environ- 
ment with a vigorous consumption of 
substrate materials. The results after 
pretreatment of the uredospores with 
puromycin suggest that the uredospore 
normally has the means for an ade- 
quate synthesis of materials required 
for growth, but this capacity is partially 
suppressed under the usual environ- 
mental conditions. Puromycin thus ap- 
pears to overcome partially the sus- 
pected inhibition. 

Yarmolinsky and De La Haba have 
pointed out the analogy between the 
structure of puromycin and short-chain 
nucleic acids (5). Using these findings 
as a guide, we shall investigate the effect 
of soluble nucleic acids on rust uredo- 
spores (6). 

RICHARD C. STAPLES 

RiKSH SYAMANANDA 

RiCHARD J. BLOCK 
Boyce Thompson Institute for Plant 
Research, Inc., Yonkers, New York 
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Diurnal Periodicity of Luminescence 
in Three Basidiomycetes 


Abstract. Evidence is presented showing 
that intensity of light emission in dikary- 
otic cultures of Panus stipticus, Armillaria 
mellea, and Mycena polygramma follows 
a diurnal pattern. The lowest values ap- 
pear between 6 and 9 a.M. and the peak 
intensities occur between 6 and 9 P.M. 
This pattern is consistent regardless of 
whether the cultures are grown in total 
darkness, under constant illumination, or 
exposed to a normal day-night cycle. 


The light emission of luminous fungi 
and bacteria, unlike that of animals, is 
continuous night and day and _ inde- 
pendent of stimulation, either internal 
or external (/). The work of Hastings 
(2, 3) on the biological “clock” Gonyau- 
lax led me to study with advanced 
photometric techniques whether there 
was a diurnal rhythm of luminescence 
intensity in the following fungi: Armil- 
laria mellea, A. fusipes, Clitocybe illu- 
dens, Mycena galopus, M. polygramma, 
Panus stipticus, and Omphalia flavida. 

Armillaria mellea, Mycena _poly- 


gramma, and Panus stipticus showed 
definite evidence of a constant endoge- 
nous diurnal periodicity of light emis- 
sion intensity. The other species evi- 
denced no such recognizable pattern. 

Fourteen-day-old dikaryotic mycelial 
cultures, maintained in the dark at 
22°C on 10-percent bread crumb agar, 
were used throughout most of this study 
after determination that cultures grown 
in total darkness give off about a 10- 
percent brighter light and are easier to 
maintain. Data were also obtained on 
cultures originally maintained under 
constant illumination and cultures under 
a 12 hour-12 hour dark-light condition, 
and since the results were identical to 
those of cultures started in total dark- 
ness the latter were used. 

All measurements were made in a 
light-tight chamber by using a photo- 
multiplier tube suspended and centered 
4 cm above the level of the agar in Petri 
dishes, so as to record the light emission 
of cultures up to 9 cm in diameter. 
Values were obtained at 3-hour intervals 
except at the time of highest and lowest 
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Fig. 1. Typical light intensity curves of 14-day-old cultures of P. stipticus kept in total 
darkness prior to the experiment (except bottom one, for which values were recorded 
24 hours after inoculation). The curves for A. mellea and M. polygramma represent 
cultures kept in the dark throughout the experiment. Constant illumination was under 
a 100-watt bulb at 4 feet. The “normal” diurnal cycle was one of 14 hours of daylight 


and 10 of darkness. 
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intensities, when readings were taken 
30 minutes apart to determine the low 
and high points. 

Fourteen-day-old cultures were ap- 
proximately 4 cm in diameter, and in 
the five subsequent days total area of 
the colonies averaged 9 cm in diameter. 
Cultures between 14 and 21 days old 
exhibit the highest light intensities. No 
correlation appears to exist between 
total colony size and light emission in- 
tensity, since the central portion gets 
dimmer in time. 

For all samples (Fig. 1) the highest 
intensities appeared between 6 and 9 
P.M. (zonal sun time) with the peaks 
usually arriving at 7 P.M. and main- 
tained for an hour or longer. The lowest 
levels were reached between 6 and 9 
A.M., most frequently at 6:30 A.M., and 
sometimes maintained for 2 hours or 
more. This rhythm was detectable (bot- 


tom curve, Fig. 1) as early as 48 hours . 


after inoculation, and is maintained in 
detectable intensities for as long as 7 
weeks until extinction is reached be- 
cause of lack of nutrients and accumula- 
tion of by-products. 

There was also no apparent correla- 
tion between peaks of light intensity 
and accelerated cell divisions as deter- 
mined by the increase of the total 
colony area at different times of day. 
This independence of the luminescence 
rhythm from the growth rhythm has 
also been found in Gonyaulax (3). 

The rises and falls in light intensity 
during any 24-hour period were as high 
as 35 percent. Yet this substantial range 
of daily light emission has escaped 
notice, because it cannot be detected 
visually by the dark-adapted eye, and 
also, probably, because of lack of 
sensitive photomultipliers and _ short- 
term observations. Further studies are 
in progress to determine the effects of 
a number of external factors in varying 
this diurnal rhythm. 

MarTHA D. BERLINER 
AVCO Corporation, Research and 
Advanced Development Division, 
Wilmington, Massachusetts 
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@ Triple-eccentric-shaft drive transmission as- 
sures smooth, uniform agitation of all flasks. 


@ Built with precision for continuous operation. 
Performance is cool, quiet, vibrationless. 


UNCONDITIONAL e@ A bench-top unit with interchangeable plai- 
1-YEAR WARRANTY 


forms having large capacity for flasks, tubes, 
and beakers. Used with gaseous atmospheres. 


| WRITE FOR : 
= eo tes under lab benches and desks with 
TIFIC CO., INC. aged” : 
jan = ene nl 4 were CATALOG space-saving dolly accessory. 
a SION LABORATC f G76S 9151 5 - * ® . 
cS P.0. BOX 606, NEW BRUNSWICK, NEW JERSEY ° / ® Models available with reciprocating action. 
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ISOTO o ES Meetings 


for Your 
Development Work 





Oak Ridge National Laboratory offers 
more than 300 radioactive and stable 
isotope products. 


RADIOISOTOPES 


Processed Solutions--90 processed ra- 
dioisotopes may be obtained, including 
many carrier-free and high specific activ- 
ity products. 


Now Available — Scandium-46 at $150 a 
curie; sulfite-free I-131 at $2 per mc.; 
technetium (as element or ammonium 
pertechnetate) $100 a gram; calcium-47, 
with less than 5% Ca-45, $200 per mc.; 
I-125 in research quantities. 


STABLE ISOTOPES 


More than 200 stable isotopes available 
from 50 elements.... Chemical processing 
and target fabrication services also of- 
fered. ... Ultra-high isotopic purity ina 
number of isotopes. 

For information or literature, write to: 
Isotopes Division, Oak Ridge National 
Laboratory, P. O. Box X, Oak Ridge, 


‘Tennessee. 


g, WATIONAL 
we SA) 
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| 
Forthcoming Events 


October 


7-13. American Soc. of Oral Surgeons, 
43rd annual, New York—Bermuda cruise, 
M.S. Bergensfjord. (D. C. Trexler, ASOS, 
840 N. Lake Shore Drive, Chicago 11, Ill.) 

9-12. Water Pollution Control Feder- 
ation, 34th annual, Milwaukee, Wis. (R. E. 
Fuhrman, 4435 Wisconsin Ave., NW, 
Washington 16) 

9-13. American Rocket Soc., space flight 
meeting, New York, N.Y. (ARS, 500 Fifth 
Ave., New York 36) 

9-13. Luminescence of Inorganic and 
Organic Systems, intern. conf., New York, 
N.Y. (Miss G. M. Spruch, New York 
Univ., Washington Sq., New York 3) 

10-12. Nuclear Reactor Chemistry, 2nd 
conf., and Analytical Chemistry in Nu- 
clear Reactor Technology, 5th conf., Gat- 
linburg, Tenn. (Oak Ridge National Lab- 
oratory, Post Office Box X, Oak Ridge, 
Tenn.) 

10-13. Administration of Research, 15th 
conf., San Juan, Puerto Rico. (G. F. An- 
ton, Research Center, Univ. of Puerto 
Rico, Mayaguez, P.R.) 

10-20. International Committee for Bi- 
ological Control, Tunis. [P. Grison, Labo- 
ratoire de Biocenotique et de Lutte Bio- 


logique, La Miniere, par _ Versailles 
(S.-et.-0.), France] 
11-13. Gaseous Electronics Conf., 


American Physical Soc., Schenectady, N.Y. 
(C. J. Gallagher, General Electric Re- 
search Laboratories, Schenectady, N.Y.) 

11-14. Tau Beta Pi Assoc., Cincinnati, 
Ohio. (R. H. Nagel, Univ. of Tennessee, 
Knoxville) 

11-14. Western Inst. on Epilepsy, 13th 
annual conf., San Antonio, Tex. (F. Risch, 
3097 Manning Ave., Los Angeles, Calif.) 

12-13. Congress of Neurological Sur- 
geons, New York, N.Y. (E. Weiford, 4706 
Broadway, Kansas City 12, Mo.) 

12-29. Pacific Intern. Trade Fair, 2nd, 
technical meetings, Lima, Peru. (PITF, 
P.O. Box 4900, Lima) 

14-20. International Congr. of Neuro- 
logical Surgery, 2nd, Washington, D.C. 
(B. S. Ray, 525 E. 68 St., New York 21) 

15. American College of Dentists, Phil- 
adelphia, Pa. (O. W. Brandhorst, 4236 
Lindell Blvd., St. Louis, Mo.) 

15-20. American Inst. of Electrical En- 
gineers, fall general meeting, Detroit, 
Mich. (E. C. Day, AIEE, 33 W. 39 St., 
New York 18) 

15-20. International Congr. of Al- 
lergolgy, 4th, New York, N.Y. (W. B. 
Sherman, 60 E. 58 St., New York 22) 

15-21. Pan American Congr. of Endo- 
crinology, Sth, Lima, Peru. (M. San Mar- 
tin, Av. Central 325, San Isidoro, Lima) 

16-17. Engineering Writing and Speech, 
natl. symp., East Lansing, Mich. (J. D. 
Chapline, Philco Corp., 3900 Welsh Rd., 
Willow Grove, Pa.) 

16-17. Yonization of the Air, intern. 
conf., Philadelphia, Pa. (I. C. Kornblueh, 
American Inst. of Medical Climatology, 
1618 Allengrove St., Philadelphia 24) 

16-18. American Soc., of Safety Engi- 





neers, Chicago, Ill. (A. C. Blackman, 5 N. 
Wabash Ave., Chicago 2) 





16-18. Entomological Soc. of Canada 
and Entomological Soc. of Quebec, Que- 
bec, Canada. (L. L. Reed, ESC, Neatby 
Bldg., Carling Ave., Ottawa, Canada) 

16-18. Metallurgy of Beryllium, intern, 
conf., London, England. (Secretary, Inst. 
of Metals, 17 Belgrave Sq., London, 
S.W.1) 

16-19. American Dental Assoc., Phila- 
delphia, Pa. (H. Hillenbrand, 222 E. Su- 
perior St., Chicago 11, Ill.) 

16-19. Vacuum Science and Technol- 
ogy, 2nd intern. congr., Washington, D.C. 
(W. M. Welch, Intern. Organization for 
Vacuum Science and Technology, 1515 
Sedgwick St., Chicago 10, Ill.) 

16-20. American Ornithologists’ Union, 
Washington, D.C. (H. G. Deignan, US. 
National Museum, Washington 25) 

16-20. American Soc. of Civil Engi- 
neers, New York, N.Y. (W. H. Wisely, 33 
W. 39 St., New York 18) 

16-20. Symposium on the Programming 
and Utilization of Research Reactors, Vi- 
enna, Austria. (Intern. Atomic Energy 
Agency, Room 2249, United Nations, New 
York, N.Y.) 


17-19. Japan Conf. of Radioisotopes, - 


4th, Tokyo. (R. Suga, Japan Atomic Indus- 
trial Forum, Inc., No. 1, 1-Chome, Shiba 
Tamura-cho, Minato-ku, Tokyo) 

17-19. Lubrication Conf., 8th, jointly 
by American Soc. of Lubrication Engi- 
neers and American Soc. of Mathematical 
Engineers, Chicago, Ill. (R. L. Johnson, 
NASA, Lewis Research Center, 21000 
Brookpark Rd., Cleveland 35, Ohio) 

18-20. Design of Experiments in Army 
Research, Development, and Testing, 7th 
conf. (by invitation only), Fort Monmouth, 
N.J. (F. G. Dressel, Army Research Office 
(Durham), Box CM, Duke Station, Dur- 
ham, N.C.) 

18-20. Optical Soc. of America, Los 
Angeles, Calif. (Miss M. E. Warga, 1155 
16 St., NW, Washington 6) 

19-20. International Geophysics Assoc., 
12th colloquium, Salzburg, Austria. (IGA, 
Freisaalgasse 31, Salzburg) 

19-21. Indiana Acad. of Science, Terre 
Haute. (E. D. Weinberg, Dept. of Bac- 
teriology, Indiana Univ., Bloomington) 

20-21. Shallow Water Research Conf., 
Atlantic Coast, 1st natl., Baltimore, Md. 
(D. S. Gorsline, Oceanographic Inst., 
Florida State Univ., Tallahassee) 

20-24. American Heart Assoc., annual, 
Miami Beach, Fla. (AHA, 44 E. 23 St., 
New York 10) 

23-25. International Scientific Radio 
Union and Inst. of Radio Engineers, fall 
meeting, Austin, Tex. (Miss H. E. Hart, 
U.S.A. Natl. Committee URSI, 2101 Con- 
stitution Ave., NW, Washington 25) 

23-25. Metallurgical Soc. of the Ameri- 
can Inst. of Mining, Metallurgical and 
Petroleum Engineers, fall meeting, Detroit, 
Mich. (AIME, 29 W. 39 St., New York 18) 

23-27. Metal Congr. and Exposition, 
43rd natl., Detroit, Mich. (A. R. Putnam, 
American Soc. for Metals, Metals Park, 
Novelty, Ohio) 

23-28. Congress of Chemical Engineer- 
ing, Ist, San Juan, P.R. (R. Munoz, 
Apartado 47, Estacién de Rio Piedras, San 
Juan) 

24-25. Shallow Water Research Conf., 
Gulf Coast, 1st natl., Tallahassee, Fla. 
(D. S. Gorsline, Oceanographic Inst., Flor- 
ida State Univ., Tallahassee) 
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24-26. Aerospace Nuclear Propulsion, 
intern. symp., Las Vegas, Nev. (P. M. Uthe, 
Lawrence Radiation Laboratory, Univ. of 
California, Box 808, Livermore) 

24-27. American Dietetic Assoc., 44th 
annual, St. Louis, Mo. (Mrs. T. Pollen, 
ADA, 620 N. Michigan Ave., Chicago 11, 
Ill.) 

26-27. American Soc. of Tool and 
Manufacturing Engineers, Toronto, Can- 
ada. (A. Cervenka, Vanderbilt Blvd., Oak- 
dale, L.I., N.Y.) 

26-27. Instrumentation Facilities for 
Biomedical Research, symp., Omaha, Neb. 
(H. G. Beenken, Univ. of Nebraska Col- 
lege of Medicine, 42 and Dewey Ave., 
Omaha) 

26-27. New Mexico Acad. of Science, 
Albuquerque. (K. G. Melgaard, P.O. Box 
546, Mesilla Park, N.M.) 

26-28. Professional Group on Electron 
Devices, annual meeting, Washington, 
D.C. (I. M. Ross, Technical Program 
Chairman, Room 2A-329, Bell Telephone 
Laboratories, Murray Hill, N.J.) 

26-30. American Soc. for Aesthetics, 
Detroit, Mich. (J. R. Johnson, Cleveland 
Museum of Art, Cleveland 6, Ohio) 

27-28. Shallow Water Research Conf., 
Pacific Coast, Ist natl., Los Angeles, Calif. 
(D. S. Gorsline, Oceanographic Inst., 
Florida State Univ., Tallahassee) 

27-29. Association of Clinical Scien- 
tists, annual, Washington, D.C. (R. P. Mac- 
Fate, Secretary, ACS, 323 Northwood Rd., 
Riverside, Ill.) 

28. American Mathematical Soc., 583rd 
meeting, Cambridge, Mass. (E. Pitcher, 
Lehigh Univ., Bethlehem, Pa.) 

29-31. Photoelasticity, intern. symp., 
Chicago, Ill. (P. D. Flynn, Illinois Inst. of 
Technology, Chicago 16) 

29-1. Marine Biology, intern. conf. (by 
invitation only), Princeton, N.J. (Mrs. E. 
Purcell, Interdisciplinary Conference Pro- 
gram, Rockefeller Center, Time & Life 
Bldg., New York 20) 

30-1. American Oil Chemists Soc., 
Chicago, Ill. (W. O. Lundberg, Hormel 
Inst., Univ. of Minnesota, 801 16th Ave., 
NE, Austin) 

30-1. Society of Rheology, annual, 
Madison, Wis. (J. D. Ferry, Univ. of Wis- 
consin, Madison) 

31-2. Interscience Conf. on Antimicro- 
bial Agents and Chemotherapy, Ist, Ameri- 
can Soc. for Microbiology, New York, 
N.Y. (ASM, 19875 Mack Ave., Detroit 36, 
Mich.) 


November 


1. Rheumatic Fever, symp., New Haven, 
Conn. (E. A. Sillman, Connecticut Heart 
Assoc., 65 Wethersfield Ave., Hartford 14) 

1-3. Alkaline Pulping, 15th conf., 
Houston, Tex. (Technical Assoc. of the 
Pulp and Paper Industry, 360 Lexington 
Ave., New York 17) 

1-3. Experimental Mechanics, 1st in- 
tern. congr., New York, “N.Y. (Soc. for 
Experimental Stress Analysis, P.O. Box 
168, Central Sq. Station, Cambridge 39, 
Mass.) 

1-3. High Magnetic Fields, intern. conf., 
Cambridge, Mass. (H. H. Kolm, Lincoln 
Laboratory, Massachusetts Inst. of Tech- 
nology, Lexington 73) 

1-3. Transplantation, CIBA Foundation 
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symp. (by invitation), London, England. 
(CIBA Foundation, 41 Portland PI., 
London, W.1) 

1-4. American Soc. of Tropical Medicine 
and Hygiene, Washington, D.C. (R. B. 
Hill, 3575 St. Gaudens Rd., Miami 33, 
Fla.) 

1-4. Society of Economic Geologists, 
Cincinnati, Ohio. (E. N. Cameron, Science 
Hail, Univ. of Wisconsin, Madison 8) 

2-3. Cancer Chemotherapy, clinical 
symp., Washington, D.C. (T. P. Waalkes, 
Chemotherapy Natl. Service Center, NIH, 
Bethesda 14, Md.) 

2-4. American Soc. for Cell Biology, 
Ist, Chicago, Ill. (H. Swift, Dept. of 
Zoology, Univ. of Chicago, Chicago 37) 

2-4. Geochemical Soc., Cincinnati, Ohio. 
(F. R. Boyd, Jr., Geophysical Laboratory, 
2801 Upton St., NW, Washington 8) 

2-4. Geological Soc. of America, Cin- 
cinnati, Ohio. (F. Betz, Jr., GSA, 419 W. 
117 St., New York 27) 

2-4. Inter-Society Cytology Council, 
annual, Memphis, Tenn. (P. A. Younge, 
1101 Beacon St., Brookline 46, Mass.) 


2-4. National Assoc. of Geology Teach- | 
ers, Cincinnati, Ohio. (D. J. Gare, Prin- | 


cipia College, Elsah, III.) 

2-4. Paleontological Soc., Cincinnati, 
Ohio. (H. B. Whittington, MCZ, Harvard 
Univ., Cambridge 38, Mass.) 

2-4. Society for Industrial and Applied 
Mathematics, Washington, D.C. (Chair- 
man, Program Committee, SIAM, P.O. 
Box 7541, Philadelphia 1, Pa.) 

2-5. Mathematical Models in the Social 
and Behavioral Sciences, conf., Cambria, 
Calif. (F. Massarik or P. Ratoosh, Mathe- 
matical Models Conf., Graduate School 
of Business Administration, Univ. of 
California, Los Angeles 24) 

3-4. Central Soc. for Clinical Research, 
Chicago Ill. (J. F. Hammarsten, Veterans 


Administration Hospital, 921 N.E. 13 St., | 


Oklahoma City 4, Okla.) 


4. Society for the Scientific Study of 


Sex, New York, N.Y. (H. G. Beigel, 138 
E. 94 St., New York 28) 


5-8. American Speech and Hearing | 


Assoc., Chicago, Ill. (K. O. Johnson, 1001 

Connecticut Ave., NW, Washington 6) 
5-9. Society of Exploration Geophysi- 

cists, 31st annual intern., Denver, Colo. 





(C. C. Campbell, Box 1536, Tulsa 1, | 
Okla.) 
5-11. Stomatology of Peru, intern. 


congr., Lima, Peru. (A. Rojas, Avenue 
Pershing 155, San Isidro, Lima) 

5-15. Japanese Chemical Engineers Soc., 
25th anniversary congr., Tokyo and Kyoto, 
Japan. (Kagaku-Kogaku Kyokai, Shun- 
ichi Uchida, 609 Kojunsha Bldg. No. 4, 
6-Chome, Ginza, Chou-Ku, Tokyo) 


5-18. Latin American Phytotechnical | 


Meeting, 5th, Buenos Aires, Argentina. (U. 
C. Garcia, Rivadavia 1439, Buenos Aires) 


6-8. Association of Military Surgeons | 


of the U.S., 68th annual, Washington, D.C. 
(R. E. Bitner, AMSUS, 1726 Eye St., NW, 
Washington 6) 

6-8. Cell in Mitosis, 1st annual symp., 
Detroit, Mich. (L. Levine, Dept. of 
Biology, Life Sciences Research Center, 
Wayne State Univ., Detroit 2) 


6-9. Atomic Industrial Forum—9th Hot | 
Laboratories and Equipment Conf., Chi- | 
cago, Ill. (O. J. Du Temple, American | 


Nuclear Soc., 86 E. Randolph St., Chicago) 





SS 
Reference 
Sheets on 


Selectacel 


ION EXCHANGE 
CELLULOSES 


for use in 
chromatographic columns 


New Selectacel Ion Exchange Cellu- 
loses have remarkable properties 
when used with ionic and colloidal 
materials of high molecular weight, 


ee 


Such applications include — 


@ ENZYMES © LIPIDS 
© PROTEINS @ NUCLEIC 
@ HORMONES ACIDS 





These materials produce separations 
that far exceed what usually can be 
accomplished alone by ion exchange 
resins, chromatography, electro- 
chromatography, or electrophoresis, 


There are several kinds of 
Selectacel lon Exchange Celluloses: 


ANION EXCHANGERS 


: Type Grade Capacity 

{ DEAE Standard | ™ea/e 
(Diethyl. , 20 0.9 
Cellulose) 40 


Separation and purification of proteins, 
peptides, enzymes, hormones and re- 
lated materials. 


ja hdebleei 


4 Type Grade Capacity 
)  ECTEOLA | Standard | ™ea/e 
© (Epichtorohydrin 20 0.3 

* triethanolamine) 40 


Separation and purification of viruses. 


CATION EXCHANGERS 


FATE TED 





| Type Grade Capacity 
; cM Standard | ™ea/é 
4 (Carboxymethy! 20 0.7 

. Cellutose) 40 

’ 


Weakly acidic—most effective at pH’s 
slightly above 4, 











Sallllascieds 





Type Grade Capacity 
P Standard | ™ea/e 
(Cellulose 0.9 
Phosphate) 


Bifunctional — containing both strongly 
acidic and weakly acidic groups. Rela- 
tively high exchange capacities. 


Send for these new free 
Selectacel Reference 
Sheets today — no obli- 
gation of course. 


Ge a Ee 


lie 


Carl Schleicher & Schuell Co. 
Keene, New Hampshire 














| Department S-9 
Send FREE Selectacel Reference Sheets. 
NAME 
COMPANY. 

ADDRESS. 
CITY. STATE 





lis if d by Brown Company 
and exclusively packaged and distributed for 
laboratory use by S @ S. 
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Speaking 


of 
Millipore’ 
Filters 
THE USE OF ENZYMES TO AID FILTRATION 
OF OROPHARYNGEAL WASHES 


THROUGH MEMBRANE FILTER 


Rinses of the oropharyngeal region, because of 
their saliva content, are normally difficult to 
filter through membrane filters without suit- 
able filtration aids. The addition of several 
crude enzymes to saline rinses used in bacterial 
studies of the upper respiratory tract (and in 
tuberculosis and anthrax diagnosis) has been 
found to substantially improve MF filtration 
characteristics. 

Wolochow, H., et. al.. 1959, AM. REV. 

OF TUBERCULOSIS AND PULMONARY DISEASES, 

79:4, p. 541, April. 


eee eeee eee eeeens 


Millipore® filters are available in eleven pore- 
size grades from 5u down to 10 mu. They retain 
on their surfaces all particles larger than rated 
pore size. 

When writing for technical information please 
State your fields of interest. 


Millipore’ contSS:ox 


Dept. S, Bedford, Massachusetts 





HERE'S A QUALITY 


STUDENT MICROSCOPE 
AT A BUDGET PRICE! 


Although budget priced, the UNITRON 
Model MUS is definitely not just another 
Student microscope. It includes these 
Significant features often lacking in 
much more costly student models: 
¢ NOT JUST a disc diaphragm... 
but an iris diaphragm for perfect 
control of aperture and contrast. 
« NOT JUST a single focusing con- 
trol... but both coarse and fine. 
@ NOT JUST a mirror... but a 
0.65N.A. condenser for optimum 
illumination and resolution. 

e NOT JUST two objectives... but 
three: achromatic 5X, 10X, 40X 
® NOT JUST an ordinary eyepiece 

... but a coated 10X Wide Field 

for large, flat fields. 
@ PLUS THESE SPECIAL FEATURES 
... larger stage projects beyond 
objective preventing damage to 
objectives and nosepiece. Auto- 
matic stop for fast focusing and to 
Prevent breakage of specimen 
Slides and optics. Durable, sturdy 
= withstands the use and abuse 
of classroom and laboratory. 


Price $7 5 
Only 









ASK FOR A FREE 10 DAY TRIAL 


Even higher discounts on 


($67.50 each in lots 5-10 quantities more than 10. 


UN/ITRON 


INSTRUMENT COMPANY e MICROSCOPE SALES DIV 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS 

















} Please rush UNITRON's Microscope Catalog. 4.T.3 : 
Name. 
i Company. i 
{ Address. ] 
City. State. 
ee | 
744 
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6-9. Southern Medical Assoc., Dallas, 
Tex. (R. F. Butts, 2601 Highland Ave., 
Birmingham 5, Ala.) 

8. American Acad. of Arts and Sciences, 
Brookline, Mass. (J. L. Oncley, 280 New- 
ton St., Brookline 46) — 

8-10. Nondestructive Testing in Electri- 
cal Engineering, conf., London, England. 
(Secretary, Institution of Electrical Engi- 
nees, London W.C.2) 

8-11. Acoustical Soc. of America, Cin- 
cinnati, Ohio. (W. Waterfall, American 
Inst. of Physics, 335 E. 45 St., New York 
17) 

8-11. Institute of Management Sciences, 
San Francisco, Calif. (W. Smith, Inst. of 
Science & Technology, Univ. of Michigan, 
Ann Arbor) 

8-11. Plasma Physics, American Physi- 
cal Soc., 3rd annual, Colorado Springs, 
Colo. (F. Ribe, Los Alamos Scientific 
Laboratory, P.O. Box 1663, Los Alamos, 
N.M.) 

9-10. Operations Research Soc. of 
America, 20th, San Francisco. Calif. (P. 


| Stillson, 115 Grove Lane, Walnut Creek, 





Calif.) 

9-11. Gerontological Soc., Pittsburgh, 
Pa. (R. W. Kleemeier, Washington Univ., 
Skinker and Lindell, St. Louis 30, Mo.) 

9-12. Pacific Coast Fertility Soc., Palm 
Springs, Calif. (G. Smith, 909 Hyde St., 
San Francisco 9, Calif.) 


9-20. Photography, Cinematography, 
and Optics, 3rd intern. biennial, Paris, 
France. (Comité Francais des Exposi- 


tions, 15 rue de Bellechasse, Paris 7) 
12-17. Bahamas Conf. on Medical and 


Biological Problems in Space Flight, 
Nassau, Bahamas. (I. M. Wechsler, P.O. 
Box 1454, Nassau) 

13-14. Exploding Wire Phenomenon, 


2nd intern. conf., Boston, Mass. (W. G. 
Chace, Thermal Radiation Laboratory, 
CRZCM, Geophysics Research Directorate 
Air Force Cambridge Research Labora- 
tories, Bedford, Mass.) 

13-16. Magnetism and Magnetic Ma- 
terials, 7th annual intern. conf., Phoenix, 
Ariz. (P. B. Myers, Motorola, Inc., 5005 
E. McDowell Rd., Phoenix 10) 

13-17, American Public Health Assoc., 
89th annual, New York, N.Y. (APHA, 
1790 Broadway, New York) 

13-17. Gulf and Caribbean Fisheries 
Inst., 14th annual, Miami Beach, Fla. 
(J. B. Higman, Marine Laboratory, Univ. 
of Miami, 1 Rickenbacker Causeway, Vir- 
ginia Key, Miami 49) 

13-18. European Conf. on the Control 
of Communicable Eye Diseases, Istanbul, 
Turkey. (World Health Organization, 
Palais des Nations, Geneva, Switzerland) °* 

14-16. American Meteorological Soc., 
Tallahassee, Fla. (Executive Secretary, 
AMS, 45 Beacon St., Boston 8, Mass.) 

14-17. Corrosion in Nuclear Tech- 
nology, symp., Paris, France. (European 
Federation of Corrosion, Société de Chimie 
Industriells, 28 rue St. Dominique, Paris 
7°) 

14-18. Puerto Rico Medical Assoc., 
Santurce. (J. A. Sanchez, P.O. Box 9111, 
Santurce) 

15-17. Eastern Analytical Symp., New 
York, N.Y. (A. Rekus, EAS, Research 
Dept., Baltimore Gas & Electric Co., Pratt 
St., Baltimore, Md.) 

15-18. Society of Naval Architects and 





Marine Engineers, annual, New York, 
N.Y. (W. N. Landers, SNAME, 74 Trinity 
Pl., New York 6) 

16-18. American Psychiatric Assoc., 
Milwaukee, Wis. (J. D. McGucken, 756 
N. Milwaukee St., Milwaukee 2) 

16-18. Etiology of Myocardial Infarc- 
tion, intern. symp. (by invitation), Detroit, 
Mich. (T. N. James, Section on Cardio- 
vascular Research, Henry Ford Hospital, 
Detroit) 

16-18. Southern Thoracic Surgical 
Assoc., Memphis, Tenn. (H. H. Seiler, 517 
Bayshore, Blvd., Tampa 6, Fla.) 

16-19. American Anthropological 
Assoc., Philadelphia, Pa. (S. T. Boggs, 
1530 P St., NW, Washington, D.C.) 

17-18. Southern Soc. for Pediatric Re- 
search, Atlanta, Ga. (W. G. Thurman, 
Dept. of Pediatrics, Emory Univ. School 
of Medicine, Atlanta) 

17-31. National Soc. for Crippled Chil- 
dren and Adults, annual conv., Denver, 
Colo. (NSCCA, 2023 W. Ogden Ave., 
Chicago 12, Ill.) 

19-22. International College of Surgeons, 
Western regional, San Francisco, Calif. 
(W. F. James, 
Chicago 10, Ill.) 

22-27. Automation and Instrumentation, 
5th conf., Milan, Italy. (Federezione delle 
Societa Scientifiche e Techniche di Milano, 
via S. Tomaso 3, Milan) 

22-1. Radioisotopes in Animal Biology 
and the Medical Sciences, conf., Mexico 
City, D.F. (International Atomic Energy 
Agency, 11 Kiarntner Ring, Vienna 1, 
Austria) 

23-25. Central Assoc. of Science and 
Mathematics Teachers, Chicago, Ill. (J. 
Kennedy, Indiana State Teachers College, 
Terre Haute) 

24-25. American Soc. of Animal Produc- 
tion, Chicago, Ill. (C. E. Terrill, Animal 
Husbandry Research Div., U.S. Dept. of 
Agriculture, Beltsville, Md.) 

24-25. National Council for Geographic 
Education, Philadelphia, Pa. (L. Kenna- 
mer, Dept. of Geography, Univ. of Texas, 
Austin) 

25-26. American College of Chest Phy- 
sicians, annual interim session, Denver, 
Colo. (M. Kornfeld, ACCP, 112 E. Chest- 
nut St., Chicago 11, Ill.) 

26. Medical Aspects of Sports, 3rd _natl. 
conf., Denver, Colo. (F. V. Hein, AMA 
Committee on the Medical Aspects of 
Sports, 535 N. Dearborn St., Chicago 10, 
Ill.) 

26-1. American Soc. of Mechanical 
Engineers, winter, New York, N.Y. (L. S. 
Dennegar, ASME, 29 W. 39 St., New York) 

26—1. Radiological Soc. of North Amer- 
ica, annual, Chicago, Ill. (R. P. Barden, 
713 E. Genesee St., Syracuse 2, N.Y.) 

27-28. Agricultural Meteorology, 4th 
conf., St. Louis, Mo. (K. C. Spengler, 
American Meteorological Soc., 45 Beacon 
St., Boston 8, Mass.) 

27-29. American Soc. of Hematology, 
annual, Los Angeles, Calif. (J. W. Rebuck, 
ASH, Henry Ford Hospital, Detroit 2, 
Mich.) 

27-30. American Medical Assoc., Den- 
ver, Colo. (F. J. L. Blasingame, 535 N. 
Dearborn, Chicago 10, Ill.) 

27-30. Entomological Soc. of America, 
Miami, Fla. (R. H. Nelson, 4603 Calvert 
Rd., College Park, Md.) 
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<7 cross. 
INFECTIONS 
hil- ; 
ver, HANDS — most active in distribution of INFECTION! For the manage- 
ve. ment and handling of specimen containers requiring o label, use a 
’ “no-lick’’ TIME Tape or TIME Specimen Collection Label for service, o 
new advancement specified in the “Guide to Laboratory Safety’’.* 
ie Every dressing, every collection of 
a if, specimen, blood, sputum, etc. requires 
Ive, hand service. Eliminate contact by 
using the satin finish, vinyl coated 
_ TIME Tape or Label. 
elle A qualified consultant will teach you & 
the effective TIME procedure. It is * 
Ano, your first step to a safer laboratory. World Centre for dependable* 
Write today to Dept. RH. 
logy * In April 1960 issue of Lab World. 
= RADIOCHEMICALS 
orgy > PROFESSIONAL TAPE CO., INC. 
1 » 360-A BURLINGTON AVE. © RIVERSIDE, ILL. 
, lickory 7-7800 
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(J. * Users throughout the world rely on Britain’s 
lege, | RADIOCHEMICAL CENTRE because — 
duc- | . 
‘mal G LAS § A BS OR PT | 0 4 @ Our long experience covers all aspects of 
. of | CELLS made KL FIT radiochemical production. 
; : 
phic by @ We set and maintain highly critical standards of 
a chemical and radiochemical purity. 
Phy- @ Enquiries are handled promptly. 
nver, 
hest- | @ Our delivery services at home and to 70 countries 
ial | overseas ensure safety, speed and punctuality. 
\MA sis , : 
s of Please request catalogue giving full details of Primary 
» 10, Isotopes, Labelled Compounds, Radioactive Sources and 
: Irradiation Services. 
nical 
L. S. You, too, can rely on the Radiochemical Centre 
Y ork ; : ‘ : 
he for all radioactive supplies and services. 
rden, 
Enquiries to: 
4th 
rgler, f THE RADIOCHEMICAL CENTRE 
2acon 
AMERSHAM, BUCKINGHAMSHIRE yey g 
logy, ; SCIENTIFIC APPARATUS 
buck Klett-Summerson Photoelectric Colorimeters— ENGLAND 
. : Colorimeters — Nephelometers — Fluorimeters— 
it ZB Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. Telephone : Little Chalfont 2701 
Den- Cables: Activity, Amersham, Telex 
5 N. F Telex : Active, Amersham 83141 
Klett Manufacturing Co. 
erica, 179 East 87 Street, New York, New York 
alvert 
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The Market Place 


BOOKS «+ SERVICES + SUPPLIES * EQUIPMENT 








CLASSIFIED: Positions Wanted 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 


COPY for ads must reach SCIENCE 2 weeks 
before date of issue (Friday of every 
week). 


DISPLAY: Positions Open. Retes listed be- 
low—no charge for Box Number. Rates 
net. No agency commission allowed for 
ads under 4 inches. No cash discount. 
Minimum ad: 1 inch. Ads over 1 inch 
will be billed to the nearest quarter 
inch. Frequency rate will apply to only 
repeat of same ad. No copy changes. 
Payment in advance is required except 
where satisfactory credit has been es- 
tablished. 


Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows 

Box (give number) 














Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 
iiiiiiil POSITIONS WANTED iil 
Biochemist owning laboratory. Industrial back- 


ground. Certified in clinical chemistry. Will relo- 
cate with equipment and technicians. Box 177, 
SCIENCE 9/8, 15 





Biochemist. M.S. (minor, organic); woman, 28, 
single; 4 years’ experience isolation and charac- 
terization of proteins, carbohydrates. Wants career 
in biological or medical research. Will consider 
information retrieval. Fluent German, some Rus- 
sian, French. Publications. Box 189, SCIENCE. 

x 





Biologist, M.S., 
Desires ee 
187, SCIENC 


7 years of research experience. 
research, or sales position. Box 
xX 





Microbiologist, PhD.; 7 years’ teaching and re- 
search experience. ajor interest bacterial 
physiology and microbial genetics. Seeks teaching 
and/or research position. Box 188, SCIENCE. X 





Parasitologist. Ph.D. 
university or industry. 
zoology and ecology. 
Box 147, Grantsville, 


1960. Desires position in 
Broad training in general 
Publications. John Frandsen, 
Utah. X 








Pharmacologist-Physician. Ph. D.-M.D. Complet- 
ing internship July 1962. Desires position in 
clinical pharmacology. Box 186, SCIENCE. xX 


iii} POSITIONS OPEN iil 














Init POSITIONS OPEN _ iil 


(a) Chemist; outstanding opportunity for Ph.D. to 
head new product development department, 
prominent eastern company; must have good 
proprietary drug experience; $14,000-$18,000. (b) 
Clinical Biochemists; Ph.D. head department, 
very busy laboratory; planning start college-affili- 
ated technology school soon; 250-bed general 
hospital; to $12,000; industrial city near Chicago. 
Science Division, Woodward Medical Personnel 
Bureau, Ann Woodward, Director, 185 North 
Wabash, Chicago. x 











ELECTRON MICROSCOPIST 


Ph.D. or equivalant. Research insti- 
tute, New York. Must have training 
and experience in all phases of prepa- 
ration of tissues and in handling RCA 
EMU3. 


Box 182, SCIENCE 








ENTOMOLOGIST AND VIROLOGIST 


Required by the West African Cocoa Research 
Institute on contract for two tours each of 12-24 
months in first instance. 

Salary according to qualifications and experi- 
ence in scale £1248 a year rising to £2820 a 
year. Free passages for officer and wife. Assist- 
ance towards children’s passages or grant up 
to £300 a year if educated in U.K. Liberal 
leave on full salary. Quarters provided at 
moderate rental 

ENTOMOLOGIST: (M3B/53565/SCN) to study 
insect pests of cocoa, must possess a good 
honours degree in Zoology or Entomology and 
have had at least 2 years’ post-‘’graduate train- 
ing or approved research in Entomology. 
Posting: TAFO, GHANA. 

VIROLOGIST: (MsB/53569/SCN) to study the 
viruses of cocoa, must possess ¢ good honours 
degree in Botany or Entomology and have had 
at least 2 years’ post-graduate training or ap- 
proved research experience in plant viruses and 
diseases. 

Posting: IBADAN, W. Nigeria. 

Women candidates must be single. 

Apply to CROWN AGENTS, 4 Millbank, London, 
S.W.1, for application form and further par- 
ticulars, stating age, name, brief details of 
qualifications and experience and quoting refer- 
ence number of the post concerned. 








STUDENT RESEARCH PROJECT 
SPACE AGE SCIENCE 

Exercises for correlating rainfall, temperature 
or pressure with Sun-tide Global Index Cycles. 
Nine units of 12-year Earth, Venus, Jupiter 
orientation alignment cycles (1850-1958). Per 
unit 30¢, 6 units $1.50, complete set $2.00. 

FORECAST INDICES AT 5 DAY INTERVALS 

1961, 1962 — $1.00 each 

ATLAS OF PLANETARY SOLAR CLIMATE 
121 pp, 1960, by C. J. Bollinger, Tables, Graphs, 
and Planet Configuration Diagrams. 7-planet 
Solar and Global Indices every 8th day 1900- 
1959, $6.00. 


BATTENBURG PRESS P. ©. Box 2026 
Norman, Oklahoma 














Medical Literature Copywriter—To work under 
director of research, expanding manufacturer of 
ethical pharmaceuticals. Pharmacy, pharmaceutical 
chemistry, pharmacology or medical background 
desirable. Work involves medical copywriting, 
N.D.A.’s, drug regulations, and labeling. Send 
complete résumé and salary requirements to “A. 
G. Worton, The Warren-Teed Products Company, 
582 W. Goodale Street, Columbia 15, Ohio. 











ENZYME CHEMIST 


Ph.D. or equivalent—quantitative 
enzymatic microhistochemistry of 
brain and/or pancreas. Research in- 
stitute, New York. 


Box 183, SCIENCE 








The Research Council of Alberta invites ap- 
plications from PHYSICAL or INORGANIC 
CHEMISTS (Ph.D.) to study electron transfer 
reactions in geochemical cycles with particu- 
lar reference to such reactions in soils. Start- 
ing salary dependent upon qualifications and 
experience. Letters from three referees and 
details of training and experience to be sent 
to: Competition E.S.-100, Research Council 
of Alberta, 87 Avenue and 114 Street, Ed- 
monton, Alberta. 














r 7 
! FOR UP-TO-DATE INFORMATION ON” ! 
GAS CHROMATOGRAPHY 
READ AEROGRAPH RESEARCH NOTES : 

. ' 
pig i 9 WILKENS INSTRUMENT & RESEARCH INC, : 


free Box 313A * Walnut Creek, Calif, | 
subscription ' 


—— om ow 0 at ne SE OS SS Se ee ee 


jeom----- 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are ac to rt at high mar- 
ket prices. Write Dept NNER’S, Inc. 

Boston so Massachusetts 


LABORATORY SERVICES 


Applied Research and Development, Test- 
ing and Consultation © Food, Feed, Drug 
and Chemical Analyses, Animal Studies, 
Pesticide Screening, Pesticide and Addi- 
tive Residue Analyses 





WISCONSIN 
ALUMNI 
RESEARCH 
FOUNDATION 


“WARE 


217 . Ele t-teleMo mm A Ab-terelar-tia) 


¢ HYPOPHYSECTOMIZED RATS 


is to all points via Air Express 
For further information write 


HORMONE ASSAY LABORATORIES, Inc. 
8169 South Spaulding Ave., Chicago 29, 


Now taking orders for: 


C3H - AKR > STRONG A > Cs7BL 
(CsH x 101) FA 


TIMCO SWISS MICE 
TEXAS INBRED MICE CO. 
305 Almeda-Genoa Rd.; R.F.D. 7, Box 1232-C 
Houston 21, Texas 


























Pharmntslogict 


Pathologist M.D., 


Endocrinologist 
Cellular Physiology Ph.D. 


Enzymologist 


Abbott Laboratories 


Ph.D. Recent graduate or with some experience. To work in general phar- 
macodynamics (analgesia, inflammation). 
Ph.D., or D.V.M. Young recent graduate with some knowledge of 
diagnostic pathology and specific interest in experimental pathology. Facili- 
ties available for research in experimental cytology and ertryology, im- 
munochemistry, histochemistry, and electron microscopy. To work with Head 
ef Pathology Department. 
Recent Ph.D. or some experience. Background and interests in biochemical 
aspects of steroids and other agents as related to hormonal action. 
to head research unit. 
knowledge of biophysical methodology. Tissue culture experience preferred. 
Ph.D. with background in pharmacology, physiology or biochemistry. 
terested in the effects of drugs on the mechanism of enzyme action. 
Send resume to: Richard Cordell, 











Qualified li 8 id 





of race, creed, color or national origin. 


Excellent working conditions. 


Broad background in general physiology with 
In- 


Personnel Department 


North Chicago, Illinois 
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YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue ~~ 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 














CHARLES RIVER *CD-1 





® (Caesarean-derived) 
__ T 
SWISS ICR 
Hypophysectomies available : 


THE CHARLES RIVER 
MOUSE FARMS 
1018 Beacon St., Brookline 46, Mass., RE 4-2000 


* Trade- 
mark 
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Kimble offers—at no extra cost... 





the world’s most 
complete line of 


pipets. 
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Including Volumetric, Ostwald-Folin, 
Measuring, Serological and 
Bacteriological pipets. 


| 
} 


bow we eee = 


Your laboratory dealer now has stocks of at least 20 


“ot varieties of Kimble pipets, color-coded to provide these 
ine, advantages for your laboratory: 

setts | 

ae | 

. INSTANT SIZE IDENTIFICATION 

es # REDUCED SORTING TIME 


# LESS CHANCE OF ERROR 

@ SIMPLIFIED CODING SYSTEM 
# LONG-LASTING COLOR BANDS 
# CODED, EASY-OPEN CARTONS 





There’s no extra charge for color-coding. And, Kimble 


dealers offer new discounts of 28% when your order 
1 for assorted Kimble ware totals 150 cases, 
0. 
2-C 
standard size 





rev apne saetame mite Ode Lotnd niete 
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CODE CHART 
for the complete Nawef 
j “? KIMBLE 
COLD R-CODED © 
os & 
PIPETS 

: Send for this handy 
} volumetric Kimble color/size code 
i ostwald-folin chart. Drop a card to 
: _ serological Kimble Glass Company, 
} bacteriolegical Dept. CC-2, (SC-9) 
} meseuring Toledo 1, Ohio. 


KIMBLE LABORATORY GLASSWARE O WENS -[LLIN OIS 


AN (i) PRODUCT GENERAL OFFICES + TOLEDO 1, OHIO 








FIVE REASONS WHY 


THE AO SPENCER 


MICROSTAR 


IS YOUR BEST 


MICROSCOPE 
BUY! 


Time-tested.... Performance-proved: More AO 
Spencer Microstars have been sold in the five 
years since its introduction than any other labora- 
tory-medical microscope over a similar length of 
time. This all-time favorite is still your best buy 
today, offering you mechanical and optical superi- 
ority proved in actual performance. 


Sure-fire Photomicrography: Photomicrographic 
bodies with coupled visual and photographic 
systems let you shoot what you see... quickly and 
effortlessly. There’s no guesswork, no hit-and-miss 
attempts to expose properly to a variable magni- 
fication system...no time or film wasted. You 
always know the resultant magnification, field size 
and ultimate film magnification. 


Built-in Illuminator with Field Diaphragm: Micro- 
star’s Built-in Base Illuminator has a field 
diaphragm. You can control the light to illuminate 
only the area being photographed ... eliminating 


American & Optical 
COMPANY 
INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


| 





extraneous light and glare. You use all the numer- 
ical aperture provided by each objective, get 
maximum resolution and definition. 


Both Right and Left-hand Mechanical Stages: 

Microstar Bodies are rotatable ...so AO gives 
you a choice of both right and left-hand stages. No 
matter how you prefer to use the microscope, 
orthodox or reverse positions, you can order a 
mechanical stage with controls located either to- 
your right or left hand. 


Building-block Concept of Design: Microstar’s 

building-block concept of design permits over 
600 possible combinations or models to choose from 
... you select 4 Microstar that exactly suits your 
requirements. Complete interchangeability of 
bodies, nosepieces, stages and bases means you can 
add accessories or partsas your requirements change. 


Write now for 24-page brochure giving complete 
information about the AO Spencer Microstar Series. 


Dept. W-3 


Gentlemen : Please send 24-page Microstar brochure, SB124. 


Name 





Address 





City Zone. State 





IN CANADA write — American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario. 





nonewttgto 


